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CHAPTER 1 
INTRODUCTION 


l-l. 


a. 


1-2. 


Section I. General 


SCOPE 


This manual contains instructions for the repair of the gun direction 
computer M18 (FADAC) by direct support and general support maintenance 
personnel. 


NOTE 


Instructions for overhaul/reconditioning of this material have been 
printed separately as Depot Maintenance Work Requirements (DMWR). 
Requests for DMWR's in support of approved overhaul /recondi tioning 
programs, should be forwarded directly to the Commander, US Army 
Armament Materiel Readiness Command, ATTN: DRSAR-MAS, Rock Island, 
IL 61299. | 


These instructions are used in conjunction with and are supplementary 
to those in the operator's and organizational maintenance manual for 
the FADAC. Subsequent volumes of this manual contain logic, mechani- 
zation of logic equations, schematic diagrams (T™ 9-1220-221-34/1/1), 
and specific detailed logic test program printouts for the computer; 
i.e., TM 9-1220-221-34/2 contains test tape B program printout, TM 9- 
1220-221-34/3 contains test tape C program printout, TM 9-1220-221-34/4 
contains test tape D program printout, and TM 9-1220-221-34/5 contains 
test tape E program printout. It may be necessary to refer to the 
operator's or organizational maintenance technical manual in order to 
obtain complete procedures. 


A description of the computer, use of special tools and equipment, in- 


- $pection procedures, troubleshooting procedures, and repair operations 


peculiar to direct support and general Support maintenance levels are 
presented in this manual. 


The appendix contains a reference list including supply and technical 


manuals, forms, and other available publications applicable to direct 


support ane general support maintenance of the computer. 


In order to differentiate between a zero and the letter 0, a zero will 
be shown thus (9) in only logic equations. 


MAINTENANCE ALLOCATION AND PARTS 


The maintenance allocation chart located in TM 9-1220-221-20&P and repair 
parts and tools listed in TM 9-1220-221-34P allocates maintenance respons i- 
bilities. 
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1-3. 


ae 


1-4, 


FORMS, RECORDS AND REPORTS 


Reporting Equipment Improvement Recommendations (EIR). EIR's can and 
must be submitted by anyone aware of an unsatisfactory condition with 
the equipment design or use. It is not necessary to show a new design 


or list a better way to perform a procedure, just simply tell why the 


design is unfavorable or why a procedure is difficult. EIR's may be 
submitted on SF 368 (Quality Deficiency Report). Mail directly to 
Commander, US Army Armament Materiel Readiness Command, ATTN: DRSAR- 
MAO, Rock Island, IL 61299. A reply will be furnished to you. 


Authorized Forms. The forms are listed in DA Pamphlet 310-2 and TM 38- 
750. | | 


Report of Accidents. The necessary reports are prescribed in AR 385- 


Materiel Failure Report. Reports will be in accordance with TM 38-750. 


US Army Equipment Logbook. 


(1) Refer to TM 38-750. 
(2) The Army Equipment Logbook is composed of a looseleaf binder (750- 


00-889-3494) and the following DA Forms: 
DA Form 2408-9 


DA Form 2408-10 
DA Form 2408-14 


Section Ii. Description and Data 
DESCRIPTION 


FADAC is an acronym for Field Artillery Digital Automatic Computer (computer 


M18). 


Refer to TM 9-1220-221-10-1, TM 9-1220-221-10-2, and TM 9-1220-221-20&P 


for a description of the FADAC. 


1-5. 


DATA (COMPUTER LOGIC) 


Maintenance at the direct support and general support levels requires a de- 
tailed knowledge in the use of logic equations and test tape listings to 
isolate and correct malfunctions in the computer. 
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CHAPTER 2 
TOOLS AND EQUIPMENT 


2-1. COMMON TOOLS AND EQUIPMENT 


TM 9-1220-221-34/1 


Standard tools and equipment having general application to this material are 
authorized for issue by tables of allowances and tables of organization. 


2-2. SPECIAL TOOLS AND EQUIPMENT 


Table 2-1 lists the special equipment which is necessary to perform the oper- 


ations described in this manual. 
authorized by table of allowance and table of organization. 


Special tool sets of a general nature are 
Special tools 


peculiar to this equipment are authorized in their peshecn 4 -34P manuals 


referenced in table 2-1. 


Table 2-1. Special Equipment 


National 


Nomencl ature stock no. Part no. Reference 


Test Set, com- 4931-00-045-6540 8623273 TM 9-4931-204-128&P 


puter logic 
unit AN/GSM-70 


(FALT) 

™ 9-4931-204-34P 
Reproducer, 1290-00-973-2180 10531830 1M 9-4931-204-128P 
signal data 
AN/GSQ-64 
(SDR) 


T™ 9-1290-326-34P 


Control Box, 4931-00-020-8702 8623274 
computer 

logic unit, 

test set 


C-4020/GSM-70 
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TM 9-4931-204-34P 


Use 


To address and 
test logic cir- 
cuitry in the 
computer. 


For requisitioning 
purposes. 


Input program 
information into 
computer and to 
read test tapes 
when used in con- 
junction with FALT. 


For requisitioning 
purposes. 


To manually test 


logic circuitry 
in computer. 


For requisitioning 


purposes. 
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CHAPTER 3 
INSPECTION 


Section |. General 


3-1. SCOPE 


This chapter sets forth inspection of the FADAC for the using organization and 
in direct support or general support shops. 


3-2, PURPOSE 


Inspection is performed primarily to determine completeness; to determine the 
nature of unserviceability; to determine the work, repair parts, and supplies 
required to return the materiel to serviceability, to ensure that work in pro- 
cess is being performed properly; and to ensure that completed work complies 
fully with serviceability standards. 


Section Il. Inspection in the Hands of Troops 
3-3. GENERAL — 


In general, the FADAC will be considered serviceable if it is complete and all 
deficiencies have been corrected, ensuring operation in accordance with ser- 
viceability standards. 


3-4. FORMS AND RECORDS 


Authorized forms and records for technical inspection by direct support and 
general support maintenance personnel are listed in the appendix. The equip- 
ment logbook will be examined to determine the maintenance background of the 
computer. 


3-5. MODIFICATION WORK ORDERS (MWO) 


All applicable modification work orders will be applied. DA Pamphlet 310-7 
contains the MWO index and equipment records. DA Form 2408-5 or DA Form 2409 
lists MWO's applied. 


3-6. GENERAL INSPECTION 


a. Note general appearance as an indication of the material and the type 
of treatment it has received. 


b. Check exterior of material and accessible parts for dented surfaces, 
bent or broken parts, missing parts of hardware, moisture, corrosion, 
and other evidence of damage or misuse which might indicate need for 
repair. | 


c. Inspect all sealed and painted portions of the material to dave if 
sealing is complete. Inspect seal on mechanical reader cover assembly. 
Inspect for presence of gaskets under assemblies of the control panel 
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3-7. 


assembly. Inspect for presence of gasket be tween control panel and 
chassis assemblies. Inspect seals on front and rear covers of case 
assembly. Inspect for presence of covers on Erceneaciee of FADAC and 
computer table. 


Inspect all legends on main control panel assembly, reference designa- 
tions on connectors to the right and left of control panel assembly, 
and lettering on nameplate for legibility. Inspect transparent mate- 
rial over readout panel for cleanliness, cracks, or abrasions which. 
would impair visibility of tube indicators. 


Inspect all bare spots or damaged finish which expose metal surfaces 
and lead to corrosion. 


Inspect all controls for smooth operation. 
The equi pment must be clean and free from dirt. 


Check for completeness of spare parts and equipment. Refer to TM 9- 
1220-221-208P. 


Check organizational spare parts and equipment for general condition 
and method of storage, and procedures for obtaining replacements. 


Investigate mechanical and functional difficulties that troops may be 
experiencing and check for determinable causes such as inadequate 
design, poor workmanship or material, lack of knowledge, misinfor- 
mation, neglect, or improper handling of equipment. 


Instruct the using personnel in supply and preventive maintenance pro- 
cedures if the need for such instruction is necessary. 


INSPECTION OF ELECTRICAL ASSEMBLIES AND PARTS 


NOTE 
Inspect. electrical assemblies in process, if possible, when equip- 
ment is normally disassembled (chassis assembly removed from case 
assembly). 


Electrical material will be visually inspected for evidence of circuit faults 
or possible sources of trouble as indicated by the conditions in a thru f. 


ad. 


b. 


3-2 


Burned or carbonized insulation. 
Discolored resistors; cracked or swollen parts. 


NOTE 


~In particular, inspect parts mounted on main frame of chassis 


assembly. 


Corrosion on capacitors and other parts of power ile sigaceaubi ys 
eheeereg transformers or chokes. 


3-9. 


GENERAL 
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Improperly soldered connections; insecure wiring and harness. Loose. 
connections at harness terminations. 


Improper clamping of harness; abrasions; worn, or prom insulation 


on harness and wiring. 


Excessive wear of associated cables and connectors, bent pins or soc- 


kets, dirt on connectors, and absence of protective caps on cables. 


Improper storage of cables. 


PERFORMANCE TEST OF FADAC 


Program Test. Perform program test 1, 2, and 3 with the MARGINAL TEST 
Switch rotated to each of its six positions. The correct indications — 
shall be obtained for all six positions (TM 9- 1220-221-10-1 or TM 9- 
1220-221-10-2). 


Test Problem. Perform a test problem which involves operating as many 
controls as possible with the MARGINAL TEST switch in each of its six 
positions. The correct solution shall be obtained for all positions. 


Refer to TM 9-1220-221-10 series of manuals for test problems and 


solutions. 


Section Ill. Inspection and Receipt of Materiel 


Technical inspection performed by the direct support or general support shop 
upon receipt of material turned in for repair determines the course of unser- 
viceability, the amount of work required to return the material to service- 
ability, the work of tests accomplished thus far by organizational maintenance — 
personnel, and the results of those tests. Furthermore, this inspection is to 
determine the amount of supplies, parts, or assemblies, necessary to accom- 
plish repairs, insofar as is possible by a preliminary survey. When further 
diagnostic tests indicate the amount of supplies, parts, or assemblies neces- 
sary to accomplish repairs, the ordering of these should be expedited in order 
to reduce the time the equipment is unserviceable and in the shop for repair. 
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a. 


b. 


INSPECTION OF FADAC 
Perform a general inspection in accordance with paragraph 3-6. 


Inspect transfer documents, forms, and reports for indication of speci- 


_ fic symptoms which caused the FADAC to be transferred to the direct 


Support or general support organization for repair. 


Inspect transfer documents, forms, reports, and logs for an indication 
of the specific tests performed by organizational maintenance person- 
nel, and the results of those tests. 


Determine the nature of the repairs required and consult the mainte- 

nance allocation chart (T™ 9-1220-221-20&P) to determine if the anticipated 
repair is within the cognizance of direct support and general support 
maintenance and that the computer has been referred to the proper 

activity specified therein. 
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CHAPTER 4 
TROUBLESHOOTING 


Section |. General 


4-1. PURPOSE 


Troubleshooting is the systematic isolation and remedy of a malfunction by 
means of recognizing symptoms and testing for a malfunction. Close adherence 
to the procedures covered herein will reduce the time required to locate the 
trouble and restore the equipment to normal operation. 


4-2. ORGANIZATIONAL MAINTENANCE PERSONNEL RESPONSIBILITY 


Organizational maintenance personnel are responsible to correct all mal func- 
tions within the scope of their authorization. For this purpose an inspection 
procedure and a troubleshooting table are provided. Organizational personnel 
are also responsible to tag all defective assemblies or the computer if the 
malfunction could not be corrected; indicating in either case the symptoms 
resulting from the malfunction. In the case of a known or suspected unit, 
such as the circuit breaker, blower, or elapsed time sMnciea ters: the tag on the 
computer must be marked as such. 


4-3. DIRECT SUPPORT AND GENERAL SUPPORT MAINTENANCE PERSONNEL RESPONSIBILITY 


Direct support and general support maintenance personnel must return the 
computer to a serviceable condition unless a complete overhaul is required. 
This is accomplished either by replacement of assemblies or by correcting 
wiring malfunctions or faulty solder connections. This includes repair of 
cables and replacement of the computer table. 


4-4, RECEPTION OF DEFECTIVE COMPUTER OR DEFECTIVE ASSEMBLIES 


Defective units received at the direct Support and general support level can 
be grouped into four general categories: 


a. Tagged defective circuit boards, keyboard assemblies, mechanical 
readers, or matrix assemblies. Notify depot maintenance personnel. 


b. Damaged computer table or defective cable. If the computer table is 
damaged, replace it and notify depot maintenance personnel. Repair all 
defective cables. 


_— 


c. FADAC with known or suspected defective unit (circuit breaker, blower, 
elapsed time indicator, etc) noted on tag. Refer to paragraph 4-5. 


-d. Defective FADAC with unknown cause of trouble. Refer to paragraphs 4-5 
and 4-6. 
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4-5. TROUBLESHOOTING TECHNIQUE 


TM 9-1220-221-20&P, the troubleshooting chart, table 4-1, and other sections 
of this chapter are to be used by direct support and general support mainte- 
nance personnel to isolate and correct troubles that occur in the FADAC. The 
step-by-step inspection procedure and an organizational troubleshooting chart 
of TM 9-1220-221-20&P must be utilized first. Table 4-1 of this manual con- 
tains additional techniques that are to be used by direct and general support 
maintenance personnel to isolate and correct malfunctions other than those 
listed in TM 9-1220-221-208P. Six other sections useful to troubleshooting 
are also included in this chapter. Section II covers troubleshooting power 
control circuitry. Section III covers troubleshooting power supply circuitry. 
Section IV covers malfunction isolation using the test tapes, FALT, and con- 
trol box C-4020. Section V covers troubleshooting input-output circuitry. 
Section VI covers troubleshooting write and read circuitry. Section VII 
contains a description of each board. This particular section is of great use 
in all areas of troubleshooting. 


. | CAUTION 
DO NOT OPERATE MEMORY UNIT (MAGNETIC DISK) WHEN THE CHASSIS IS 
ON EDGE AND UNFOLDED. | 


4-6. METHOD OF APPROACH 


The general maintenance troubleshooting approach for a malfunctioning computer 
is: | 


a. Determine if the problem is in power control or power supply circuitry. 
(See TM 9-1220-221-20&P and table 4-1.) If this is the case, refer to 
section II or III of this chapter. If problem is not one involving 
these circuits proceed to step b. 


b. Run test tapes B thru E. Refer to section IV of this chapter. If the 
problem is not detected using the test tapes, proceed to step c. 


c. Run the diagnostic test routines if available (procedures are contained 
in T™ 9-1220-221-34/8). If the problem is not detected using these 
routines, proceed to step d. 


d. Utilizing the symptoms of the failure, isolate problems to a general 
area within the computer and refer to appropriate section. 
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Table 4-1. Troubleshooting 


MALFUNCTION 
TEST OR INSPECTION 
CORRECTIVE ACTION 


1. FADAC DOES NOT REMAIN ON BECAUSE CIRCUIT BREAKER IS BEING TRIPPED. 


Step 1. Check for mechanical binding of either of the two blower 
motors or binding of magnetic disk. 


Replace defective unit. See chapter 6 for removal 
and installation procedures. 


Step 2. Check for short to the three-phase input lines. 


Refer to chapter 4, section II. 


NO 
@ 


FADAC DOES NOT TURN ON, OR TURNS ON ONLY MOMENTARILY OR KICKS OUT 
DURING OPERATION (BLOWERS NOT OPERATING). | : 


Check power control circuitry. 
Refer to chapter 4, section II. 


NONE OF THE FRONT PANEL INDICATORS ARE LIT (BLOWERS ARE OPERATING). 


GW 
r 


Check for excessive load on power supply causing the master kickout 
of regulated voltages. 


Refer to chapter 4, section III. 


> 
° 


FADAC POWER SUPPLY VOLTAGES ARE NOT CORRECT AS INDICATED BY VOLTAGE 
MONITOR OF FALT. 


Check power supply circuitry. 
Refer to chapter 4, section III. 


TEST TAPE STOPS AND ERROR INDICATOR ON FALT FLASHES. 


or 
e 


Check for faulty board(s) or assembly or faulty wiring. 
Refer to chapter 4, section IV. = 


6. PROGRAM CANNOT BE LOADED AND VERIFIED THROUGH SDR. TEST TAPES FAIL TO 
LOCATE MALFUNCTION. 


Step 1. Check input logic. 


Refer to chapter 4, section V. 
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Table 4-1. Troubleshooting--Cont inued 


MALFUNCTION 


TEST OR INSPECTION | 
CORRECTIVE ACTION 


ov 
r 


MN 
e 


PROGRAM CANNOT BE LOADED AND VERIFIED THROUGH SDR. TEST TAPES FAIL TO 
LOCATION MALFUNCTION.--Continued | 


Step 2. Check write or read circuitry. 


a. Run a 45-second memory evaluation diagnostic test 
tape and loop test routine. 


b. Refer to chapter 4, section VI. 


PROGRAM TESTS FAIL, (PARITY, ERROR, OR NO SOLUTION) TO TEST PROBLEM WHEN | 
PROGRAM TAPE IS LOADED INTO FADAC. TEST TAPES FAIL TO LOCATE MALFUNCTION. 


Step 1. Check write or read circuitry. 


Run 45-second memory evaluation diagnostic test tape and 
loop test routine. 


Step 2. Check logic circuitry. 
Refer to chapter 4, section VI. 


DATA CANNOT BE LOADED a KEYBOARD. TEST TAPES FAIL TO LOCATE 
MALFUNCTION. 


Check keyboard circuit. 
Run control panel diagnostic test routine tape. 


DATA CANNOT BE LOADED THROUGH MECHANICAL READER. TEST TAPES FAIL TO 
LOCATE MALFUNCTION. 


Step 1. Check input logic. 
Refer to chapter 4, section V. 
Step 2. Check mechanical reader circuit. 


Refer to chapter 4, section V. 


rene nS 
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Section Il. Power Control 
4-7. SCOPE 


This section provides information useful in isolating malfunctions that occur 
in the power control circuitry of the FADAC. Replacement of the parts indi- 
cated in this section are authorized to the extent of available parts. Refer 
to TM 9-1220-221-208P. 


4-8, FUNCTION OF POWER CONTROL 


The basic function of the power control system is to provide control over 
primary power application to the FADAC. This system must provide control over 
extremes of environment, field power source, and abnormal conditions; provide 
correct phase rotation; control synchronizing of the FADAC; and provide other 
control and safety functions. | 


4-9. POWER CONTROL POWER SUPPLY OPERATION 


a. During initial turnon, closing of the POWER ON-OFF momentary switch 
energizes the power control relay (Kl), the power control power supply, 
and phase detectors. 


b. Various voltages from the power control supply are used in the opera- 
| tion of all the sensing circuits. 


c. If all environmental and primary power weandieions are within the speci- 
fied limits, the main power relay drive is energized by input Signals 
derived from the sensing elements which will allow the primary power to 
be supplied to the FADAC. 


d. If any one condition or input is not correct during operation, the main 
power relay driver will be deenergized and power will be removed from 
the entire FADAC, including the power control system. 

4-10. PRIMARY LINE VOLTAGE SUPPLY 


a. The FADAC is designed to operate with a pergvna primary voltage 
source. 


b. A steady state voltage range of 100/173 vac to 140/243 vac or +16. 7 
percent of the nominal voltage of 120/208 vac is required to operate 
the unit. 

c. A voltage detector is designed in the FADAC which will allow the pri- 
mary voltage surge down to approximately 80/138 vac for a period of 
approximately 5 seconds before the computer is turned off. 

de The main power relay driver is controlled by three voltage a eevere 
(1) High voltage kickout (HVK'). 
(2) Low voltage kickout (LVK'). 


(3) Low voltage transient kickout (LVTK'). 


Ga5 


TM 9-1220-221-34/1 


4-10. PRIMARY LINE VOLTAGE SUPPLY--Continued 


e. The purpose of these input circuits is to sense an unregulated voltage 
from the power control power supply (-27 volts). 


(1) If the line voltage moves above 140 or below 80 vac (line to neu- 
tral), power is immediately removed by either HVK' or LVK' lines. 


(2) If the line voltage moves below 100 vac and remains between 80 and 
a rg for a period longer than 5 seconds, power is removed by the 
VTK' line. | 7 


f. Voltage warning circuits also have been incorporated in the FADAC. The 
TRANSIENT indicator will flash if the line voltage is less than 107 
volts ac or greater than 132 volts ac. The TRANSIENT indicator will 
also flash if a transient occurs on the line. This normally can be reset. 


4-11. PRIMARY LINE SUPPLY FREQUENCY 
a. The FADAC is designed to operate over a specified range of 380 to 420 Hz. 


b. Since the FADAC is utilizing a free disk-type memory , a frequency 
detector is not necessary. 


c. If the input frequency is too high or too low the transient indicator. may 
flash and cannot be reset. The frequency must be correct at the power source. 


4-12. TEMPERATURE SENSING 


The FADAC is designed to operate over a specified temperature range of -40° to 
+125°F. A warmup period may be required for the memory if operation is 
started in the range of -40° to -25°F. When the internal air temperature of 
the computer is within the range of -40° to +125°F, two sensors (thermistors) 
will allow line TEK' (temperature kickout not) to enable the mafn power relay 
driver. These sensors are: 


a. High Temperature Detector. . 

b. Low Temperature Detector. 
4-13.. LOCATION OF THERMISTORS 
The high temperature thermistor is located in an area as to detect failure of the 
blowers. The temperature of this area will rise the fastest if the blowers stop. 
The thermistors near the air inlet check the incoming ambient air temperature and 
low temperature detectors are located on regulator no. 3, board no. 132. — 
4-14, LOW MEMORY TEMPERATURE SENSOR 


a. For any temperature above -25°F the line LMT' (low memory temperature 
not), shown on foldout 1, will energize the memory motor relay which in 
turn supplies primary power to the memory motor. 


b. The low memory temperature thermistor is mounted directly on the 
memory. | o 3 


TM 9-1220-221-34/1 


4-15. LOW TEMPERATURE OPERATION 


a. In the temperature range between -25° and -40°F the operation of line 
TEK' allows power to be applied to the computer. However, line LMT’ 
inhibits power to the memory. 


b. Operation in this temperature range nequiwes that the rear cover of the 
FADAC be left in place. 


(1) A switch is operated by the rear cover which stops the rotation of 
the lower blower. 


(2) The rear cover also closes the air path within the FADAC so that no 
external air is drawn in, thus the warmup period is aided by the 
entire power dissipation of the computer. 


(3) The upper blower is operated to prevent any possibility of hot spots 
and to pass the heated air over the memory. 


(4) When the temperature rises above -25°F, the memory motor relay 
Operates, allowing power to flow to the memory motor. 


NOTE — 
The rear cover can remain on if the ambient temperature remains 
in the region of -40° to -25°F. Maximum temperature will not be 
exceeded within the computer. Preliminary calculations indicate 
that the memory temperature will be approximately 35°F over the 
ambient temperature and the warmup time from -40° to -25°F will 
be approximately 20 minutes. | = 


4-16. TD CIRCUIT 


The purpose of the TD (time delay) circuit is to provide a 20-second delay to 
ensure the memory disk speed reaches the proper operating speed of 6000 RPM. 


a. Input is LMT (low memory temperature). If the warmup cycle is required 
for memory, the TD circuit is not started until line LMT’ comes true. 


0 NOTE 
FC” is an input from the FALT for testing. 


b. Output of the TD circuit is to the TD/WI Flip-Flop located on the same 
circuit board. 


4-17. TD/WI (TIME DELAY/WRITE INHIBIT) FLIP-FLOP 


a. The TD/WI flip-flop is initially forced off (TD true and WI false) and 
remains off until triggered by the TD circuit. 


b. During the delay period, line TD is at a true signal level to various 
gates required to synchronize the bit counter and set certain flip- 
flops to a required state. During the same period, the WI line pro- 
vides a false signal level to the memory write switches to prevent any 
possibility of false aeons into the memory unit. 
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4-17. TD/WI (TIME DELAY/WRITE INHIBIT) FLIP-FLOP--Continued 


Cc. ‘ead iy delay period, the TD/WI flip-flop is triggered on (TD false/- 
rue). 


d. The WI line enables the write switches and also controls the illumi- 
nation of the POWER READY indicator on the control panel. 


e. Power is turned off either by operating the POWER ON-OFF switch to the 
OFF position or if any one of the environmental or input power levels 
exceeds specified limits. As the main power relay starts to drop out, 
the TD/WI flip-flop immediately changes state thereby preventing any 
possibility of false writing into memory. 


, NOTE | 7 
Four control lines, Fc), Fc?, and set-reset are test line inputs 
to the TD circuit and TD/WI flip-flop. 


(1) Input from Fc! and FC? of the FALT inhibit normal operation of the 
TD circuit when the FALT is used. , * 


(2) Input from the set-reset lines (OSR-1SR) of the FALT control the 
state of the TD/WI flip-flop when tested by the FALT. 


4-18. PRIMARY SUPPLY PHASING 


Primary supply phasing is accomplished by two phase detectors, no. 1 and no. 
2. The purpose of these circuits is to ensure that the proper phase voltages 
are applied to the blower motors and memory motor to ensure correct rotation. 


4-19. EXPLANATION OF POWER CONTROL FUNCTIONAL SCHEMATIC DIAGRAM 


The block diagram in foldout 1 illustrates the functional schematic diagram of 
the FADAC power control circuitry. It indicates the proper input and output 
voltages from each circuit, the input and output board and pin numbers, the | 
function of each circuit, and the input and output terms. In the bottom right 
corner of some of the blocks is the letter A, B, or C. This indicates the 
type of board (Power Control A, B, or C). 


4-20. OPERATION OF POWER CONTROL CIRCUITRY 


Assuming that the main power circuit breaker is closed, momentary operation of 
the POWER ON-OFF switch to the ON position provides a ground return for K1. 
With Kl energized, three-phase voltage is applied to the primary of trans- 
former T3, thus developing power for the power control] circuits (FO0-1). 

The POWER ON-OFF switch also provides -6 volts to the main power relay driver. 
If the prime input voltage is correct and the temperature of the computer is 
between -40° to 125°F, terms HVK', LVK', LVTK', and TEK' will all be true 
(-12-volt output). These voltages will enable the main power relay driver and 
provide a ground return path through the coil of relay K2. When the POWER ON- 
OFF switch is released, the P OFF term appears as an open. The ground return 
path for relay Kl is now through contacts 12 and 13 of K2. At the same time 
that the POWER ON-OFF switch is depressed, the phase detectors detect the 
phase of the prime power and either K3 or K4 is energized, providing the 
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proper phase input power, so that the memory and blower will rotate in the 
proper direction. Simultaneously, if the temperature and input voltages are 
normal, terms LMT', TEW', HVW', LVW' come true (-12-volt output). Term LVT' 
enables the TD circuit and also enables the memory motor relay driver, thus 
enabling relay K5 while allowing prime current to flow to the memory motor. 
Terms LMT' and TEW' cause output term TEMP to be at 0 volts. (The TEMP indi- 
cator will not flash if output TEMP is at 0 volts.) Terms HVW' and LVW' cause 
Output term TRANS to be 0 volts. The TRANSIENT indicator will not flash if 
output TRANS is at 0 volts. Twenty seconds after the POWER ON-OFF switch is 
depressed, term WI (write inhibit) comes true (-12 volts). Term TD, which | 
came true when power was applied to the power control power supply, now goes 
false (0 volts). When WI goes true, the POWER READY indicator will light. If 
the MKO (master kickout) which is generated by a main power supply failure 
comes true (+20 volts), term TD will go true (12 volts) and term WI will come 
false (0 volts). Button S3 (RESET) and its associated relay K6 are energized 
only in extremely cold weather. The contacts of K6 remove power from the 
lower blower. When button S3 (RESET) is depressed by the rear cover of the 
FADAC, the POWER READY indicator will flash. 


NOTE 
Refer to table 4-2 for physical location of circuits and table 
4-3 for chart of environmental conditions or affected circuit vs 
computer reaction. 
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4-20. OPERATION OF POWER CONTROL CIRCUITRY--Continued 


Table 4-2. Physical Location of Circuits 


Circuit 


Low memory Temp Detector 


Low Temp Warning Detector 


High Temp Warning Detectors 


Low Temp Kickout Detector 


High Temp Kickout Detectors 


Low Voltage Kickout Detector 


‘Low Voltage Warning Detector 


“Low Voltage Transient Detector 


“High Voltage Kickout Detector 


High Voltage Warning Detector 


Voltage Warning Inverter 


Main Power Relay Driver 


“Memory Motor Relay Driver 


“TD/WI Flip-Flop 


TD Circuit 


Temp Warning Inverter 


Primary Power Rectifier 


Phase Detector Rectifiers 


Location 


Power Control 


Power Control 


Power Control 


Power Control 


Power Control 


Power Control 


Power Control 
Power Control 
Power Control 
Power Control 
Power Control 
Power Control 
Power Control 
Power Control 
Power Control 
Power Control 
Power Control 


Power Control 


board 
board 
board 
board 


board 


board | 


board 


board 


board 


board 


board 


board 
board 
board 
board 
board 
board 


board 
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Table 4-3. Chart of Environmental Condition or 
Affected Circuit Versus Computer Reaction 


Computer reaction 


=) re 
> = $8 
= © Q. Q. = a 
s8 8 8s 82 s, Fy 
‘wo Or De ~o 8S 
| | a ie ee SS ae Se 
| Bo 2a A 2 SL-Bz- 
Environmental | Affected “YF “EF Ge Oe —-D i 
condi tions circuit Oa oa 422 22 SE BE 
Input line to neutral Low voltage kick- X 
voltage less than 80 out circuit or 
vac main power relay 
driver circuit | 
Input line to neutral Lower vol] tage | X 
voltage less than 100 trans kickout 
vac for longer than circuit or main 
~ 5 seconds | power relay driver 
7 | circuit | 
Input line to neutral High voltage kick- X 
voltage more than 140 out or main power 
vac relay driver 
— circuit 
Internal air tempera- Low temp detec- X 
ture less than -40°F. tor circuit, temp 
| kickout circuit or 
main power relay 
driver circuit 
Temperature too high High temp detec- X 
in upper half of tor no. 1 circuit, 
computer temp kickout cir- — 
cuit or main power 
relay driver 
circuit 
Phase loss Phase detectors X 
| a no. 1 or no. 2 
circuit 
Memory temperature Low memory temp X a | 
less than -25°F. detector circuit : 
Primary phase rotation | : X 
ABC a | | | 


eld 
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4-20. OPERATION OF POWER CONTROL CIRCUITRY--Continued 


Table 4-3. Chart of Environmental Condition or 
Affected Circuit Versus Computer Reaction--Continued — 


Computer reaction | 


4 
a. oe 
PS £ § 
= > 7 | >S m5 £ w 
TS TS of TS xf cS $.. 
=r = m= oO ea = & ae 
of » #2 2F 28 ES 
— = =H cs S & 
AQ &  & ®@ eo Yn csc @ oO 
Environmental Affected ne HEF Bs Bs =B eo 
conditions circuit Be oa as 2e SS BS 
Primary phase rotation _ X 
ACB : 
Temperature in upper High temp warn- Xx 
half of computer | ing no. 1 cir- | 
approaching high cuit, temp warn- 
temp kickout point ing inverter 
circuit 
Internal air tempera- Low temperature X 
- ture approaching low warning circuit | 
temperature kickout temp, warning 
point circuit, temp 
warning inverter 
circuit 
Input line to neutral Low voltage warn- | X 
voltage less than 108 ing circuit, volt- | 
vac age warning inver- 
ter circuit 
Input line to neutral High voltage warn- | X 
voltage more than 132 ing circuit, volt- | 
vac age warning inver-— 


ter circuit 
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4-21. PHASE DETECTORS NO. 1 AND NO. 2 


The input pins of the phase detectors are not shown on foldout 1. This is 
because the circuit is formed on two eirterent boards. See figure 4-1 for 
mechanization of these circuits. 


PHASE 8 
140-498 
140-438 | oe 
208VAC | 
PHASE A 1o1- 
208 VAC aes eA irene 
_ a 140-658 lOl-65A 
7 101-863 
208 VAC — ace ° 
140-60A + 


140-598 “Re 


A. 


Phase detector l. 


20! - 496 


208VAC 201-438 I0l- 62A 
PHASE 8 101-618 | 
208 VAC _ OC OUT 
: 201-658 10l= 64A 
201-628 I01-63A 


208 VAC 
20!1-60A 


201-598 ARR 80-1211 


B. Phase detector 2. 


Figure 4-1. Phase Detectors 1 and 2. 
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4-22. INDICATORS ASSOCIATED WITH POWER CONTROL CIRCUITRY 


a. TEMP Indicator (Fig. 4-2,A). The output from the Temp Warning Inverter, 
term TEMP, (FO-1) is in effect “anded" in network A board 402 with the 
10-cycle oscillator output from network C board 323. If term TEMP is 
false (0 volts), the output of network A will be at a low voltage level 
and the TEMP indicator will light. If term TEMP is true, the output of 
network A will be at a low voltage level when the oscillator input is 0 
and will be at a high voltage level when the oscillator input is true. 
Hence the indicator will flash. | 


b. TRANSIENT Indicator (Fig. 4-2,B). Theory of operation identical to 
that of TEMP indicator. oe 


c. POWER READY Indicator (Fig. 4-2,C). The output term WI (FO-1) is in 
effect "nanded" in network A board 403 with term MOSCS. With the 
MARGINAL TEST switch in one of its ON positions and the output from 
network C, the 10-cycle oscillator term MOSCS is generated. With the 
MARGINAL TEST switch in the OFF position and with term WI true, the 
output of network A is at low potential and the POWER READY indicator 

will light (WI comes true approximately 20 seconds after turnon, para 
4-17). With the MARGINAL TEST switch in one of its ON positions and 
with WI true, the POWER READY indicator will flash. 


BOARO 402 
TEMP ase 
NETWORK 
oe a” 
859 
(A) 
BOARD 323 BOARD 40! 
TRAN 656 
NET WORK NETWORK 
oe oe “a” 


(8) 


BOARD 403 


NETWORK 
"A ae 


PWR 
READY 


MARGINAL 
TEST 


switcH ic) - ARR 80-1212 


Figure 4-2. Mechanization of Indicator Circuitry. 
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Section Ill. Power Supply 


23. SCOPE © | | | , 


‘his section provides information in determining and isolating malfunctions 
shat occur in the power supply circuitry of the computer. 


-24. SETUP SWITCH IDENTIFICATION 


n the schematic diagrams of this section, the setup switches are given a 
etter-number designation. This code is explained in figure 4-30. 


~25. INDICATOR LAMP IDENTIFICATION 


‘in the schematic diagrams of this section, the indicator lamps are given a 
etter-number designation. This code is explained in figure 4-71. 


t-26. PROCEDURE NO. 1 FOR MALFUNCTION ISOLATION 


fo isolate a power supply malfunction or interconnecting wiring problem util- 
ize block diagrams in figure 4-3 thru 4-16. Replace one or more associated 
sircuit boards within the mal functioning —e Refer to problem example 
elow. 


CAUTION 
The computer must be in the deenergized state during circuit 
board removal and installation. | 


a. Symptom. FADAC does not respond to the depression of any of the setup 
Switches. | | 


b. Procedure. The FALT is cabled to the computer to begin testing. The 
first step in testing the FADAC as prescribed in TM 9-1220-221-34/2 is 
monitoring of external voltages using the FALT. In monitoring the 
negative voltages the -10-volt supply is found to be reading high. 
Reference to figure 4-13 shows the circuit boards utilized in this 
supply. Any one, or combination of the circuit boards shown, could 
cause the malfunction. If the symptoms remain after board replacement, 
a transformer and bias voltage check may be made. Refer to table 4-4 
for transformer voltage readings. 


| CAUTION 
- Due to the proximity of the circuit board connector pins, extreme 
caution must be exercised when voltage probing. 


NOTE 
The FADAC 66 volt Zener Diode output can be monitored using the 
voltage monitor on the FALT. This voltage may be measured at 139 
E7 with a multimeter. 


Wire list (TM 9- 1220-221- 34/6) and/or component list (T™ 9- 1220- 
221-34/7) should be used to trace wiring. 
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4-26. PROCEDURE NO. 1 FOR MALFUNCTION ISOLATION--Continued 


+ B6l A50 
REG +1.25 V.R. 
A62 
VOLTAGE 
REGULATOR veiiaen tl = 
Sadia aa ASSEMBLY | 
106 
DIODE RECTIFIER A25 
+6yz Bil ASSEMBLY 
(BIAS) wee 
PWR GND 
| : ARR 80-1213 
Figure 4-3. Block Diagram +1.25V Regulated Power Supplies. 
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Figure 4-4, Block Diagram +3V Regulated Power Supplies. 
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Figure 4-5. Block Diagram +6VZ, +20V Power Supplies. 
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Figure 4-6. Block Diagram +15V Series Regulated Power Supply. 
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Figure 4-7. Block Diagram +35V Power Supply. 
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4-26. PROCEDURE NO. 1 FOR MALFUNCTION ISOLATION--Continued 
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Figure 4-8. Block Diagram 
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+66VZ, +138VZ, +73VZ Power Supplies. 
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Figure 4-9. Block Diagram +150V Regulated Power Supply. 
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4-26. PROCEDURE NO. 1 FOR MALFUNCTION ISOLATION--Continued 
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Figure 4-10. Block Diagram -1.5V Shunt Regulated Power Supply. 
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Figure 4-11. Block Diagram -6V Regulated Power Supply. 


4-23 


™ 9-1220-221-34/1 
4-26. PROCEDURE NO. 1 FOR MALFUNCTION ISOLATION--Continued 
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Figure 4-12. Block Diagram -6VZ, -12VZ, -27V Power Supplies. 
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Figure 4-13. Block Diagram -10V Regulated Power Supply. 
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4-26. PROCEDURE NO. 1 FOR MALFUNCTION ISOLATION--Continued 
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Figure 4-14, Block Diagram -18V Regulated Power Supply. 
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Figure 4-15. Block Diagram -32V Power Supply. 
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Figure 4-16. Block Diagram +6V KO Power Supply and Master Trip Circuit. 
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Table 4-4, Trans former Voltages 


Terminal 


Tl | T2 T3 | T4 


Voltage Terminal Voltage Terminal Voltage Terminal 


Voltage 


208 Y =: 1-3 208 Y 1-3 208 Y 4 


13.1 4-6 177 120 v 


30.4 


4-6 15.5, ie 


7-9 177 7-9 


10-12 


6.3 3, 4 Ty 


15.6 10-12 44 24.3 5, 6 7 v 
11.2 
21.7 16 


Shd Gnd 17 


16.1 13-15 13-15 
Shd Gnd 16-18 


Core Gnd 19 


20.6 71,8 7V 
Shd Gnd = 9, 10s 7 
| Core Gnd 11, 12 7 Vv 
— 20 Core Gnd 13, 14 7 Vv 
15,16 7¥ 


17 Shd Gnd 
18 Core Gnd 


MARGINAL TEST SWITCH 


Marginal testing of the FADAC or FALT may be accomplished at the dis- 
cretion of the operator and should be used in the daily performance 
check. 


The marginal testing is performed by setting the MARGINAL TEST switch 
in each of the five positions for each operation. In each position the 
required dc.power supply levels are statically offset by +5 percent; 
the clock pulse is statically made wider or narrower by +0.2 micro- 
seconds. Through the use of the MARGINAL TEST switch, intermittent 
conditions or marginal components may be detected. 


Table 4-5 indicates circuit boards and voltage levels (regulated) 
applied to each board. 


Table 4-6 shows those power supply levels affected by the MARGINAL TEST 
switch. Each position of the switch indicates voltage levels increased 
by 5 percent by a plus sign (+); decrease in levels by 5 percent with a 
minus sign (-). 


Chassis 
Ground 
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4-27. MARGINAL TEST SWITCH--Continued 


pot te ee et 


Positive | 
1.25 3 6 6Z 15 20 35 662 73Z 1382 150 


Power Supply Voltage Routing 


Negative | 
1.5 3 6 6Z 10 122 18 27. 32 


- Table 4-5. 


Voltage Regulator 1 
Vol tage Regulator 2 
Voltage Regulator 3 


Write Amplifier 
Write Switch 
‘Mechanical Reader 


Keyboard 


Transistors Ass 
Matrix 


Diode Rectifier 
Logic Driver 
Logic Flip-Flop 
Network A 
Network B 
Network C 
Power Control A 
Power Control B 
Power Control C 
Pulse Generator 
Read Amplifier 
Read Switch 


Memor 


— Voltage Regulator 4 


Capacitor Ass 
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Table 4-6. Power Supply Levels Affected By Marginal Test Switch 


Switch 


position 41.25 +6 +15 +35 2-6 -10 -18 Clock 
1 —— 2 : oe * «& Wide 
2 + _ - + + + : a Narrow 
3 + 2 + : + : : Wide 
4 : - - + - - - Narrow 


5 | = - + _ + + + Wide 


4-28. PROCEDURE NO. 2 FOR MALFUNCTION ISOLATION 


This procedure is used to isolate an excessive load to the power supply caused 
by a malfunction of one of the circuit boards or other equipment utilizing 
— that particular voltage or a wiring short. 


a. Method. Systematically remove and replace all circuit boards utilizing 
this supply voltage. Table 4-5 shows the general distribution of the 
power supplies. 


| NOTE 
Refer to the wire list (TM 9-1220-221-34/6) to determine the 
specific circuit board numbers that provide the load for each 
power supply. Short circuits due to wiring require the use of 
the wire list and/or component list (TM 9-1220-221-34/7) utili- 
Zing conventional troubleshooting methods. 


b. Problem Example. 


(1) Symptom. FADAC does not respond to the depression of any setup 


(2) Procedure. Following the isolation procedure outlined in paragraph 
— 4-26b it is noted that the -10-volt supply is low. After replacing 

the associated power supply circuit boards the trouble still exists. 
At this time the computer is deenergized and the load is checked by 
removing not more than three circuit boards at a time. Refer to the 
wire list to determine circuit boards providing the load to the 
supply. With the boards removed, the FADAC is reenergized and 
checked for a change in performance. If the symptom persists, 
reinsert the three circuit boards and remove three more, continuing 
in this manner until the defective circuit board or other load . 
component is isolated. 
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4-29, 


a. 


POWER SUPPLY PROTECTION CIRCUITS 


A master kickout (MKO) circuit located on voltage regulator no. 4 
circuit board is utilized to prevent overload damage to the power 
supply regulators. This circuit is connected to the +150-, +35-, +15-, 
+6-, -18-, -10-, and -6-volt regulators. Whenever an overcurrent is 
sensed by any one of the above regulators, the MKO circuit will en- 
ergize and turn off all the regulators. The MKO circuit with the 


- associated power supply regulator inputs is in figure 4-17. 


Should one of the power supply regulators experience an overload condi- 


tion it will cause the input to the MKO circuit, which is normally +6 
volts, to change to 0 volts. This will result in a +20-volt output, 
rather than the normal -32-volt output, from the MKO circuit. All of 
the power supply regulators will turn off. In addition all of the | 
indicators on the control panel will go off. The MKO circuit is reset 
by deenergizing the computer. If, upon reenergizing the FADAC, the 
trouble symptoms persist, either the MKO circuit located on regulator 
no. 4 board is defective, one or more of the power supply boards are 
defective, or there is an excessive load to the power supply caused by 
a malfunction of one of the circuit boards or other equipment utilizing 
one of the power supply voltages. Use malfunction isolation procedures 
no. 1 and/or no. 2 to find and correct the malfunction. 


-10V 133 109 


+6V _.s«dI'33 


-18V 132 | A65 


+35V _ 109 


+150v —_.._ 108 


+15V —— A20 


TRIP PULSE FROM THE ABOVE 
POWER SUPPLY REGULATORS 
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Figure 4-17. Master Kickout Circuit. 
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Section IV. Malfunction Isolation Using the FALT 
and Associated Test Tapes 


4-30. GENERAL 


This section covers malfunction isolation using the FALT and test tapes B thru 
E. Technical manuals containing test tape program printouts are TM 9-1220- 
221-34/2, B test tape; TM 9-1220-221-34/3, C test tape; T™ 9-1220-221-34/4, D 
test tape; and TM 9-1220-221-34/5, E test tape. The maintenance technician 
must use these test tapes in the above order when testing the FADAC with the 
FALT. After an error has been corrected by replacement of a board, it is 
advisable to repeat all test tapes, thereby ensuring that no trouble exists on. 
the new board. 


4-31. LOGIC TROUBLE SHOOTING 


The length of this section demands that its contents be explained in order to 
save the maintenance technician much time and inconvenience locating the in- 
formation sought. The section is broken down as fol lows: 


a. Paragraphs 4-22 thru 4-35 describe each of the test tapes (B thru E), 
their function, which circuits are being tes ted, and how these tests 
are performed. | 


b. Paragraphs 4-36 thru 4-39 give information regarding terms pertinent to 
the FALT. This includes computer F1T and FOT response lines, Param 
address and response lines, and FALT exciter flip-flops. | 


c. Paragraphs 4-40 thru 4-47 give troubleshooting procedures for errors 
detected by FALT front panel molce one This also includes logic 
malfunction isolation. | 


d. Paragraphs 4-48 thru 4-51 give general information for malfunction 
- Gsolation. This includes location of pins on printed circuit board 
connector, F1T and FOT line troubleshooting, logic driver trouble- 
shooting, primary "and" gate troubleshooting, and troubleshooting flip- 
flop logic that has failed. 


4-32. DESCRIPTION OF B TEST TAPE 


a. General. Before beginning a logic test of the computer it will be 
necessary to test the address and response lines for each flip-flop 
circuit in the computer. In order to logic test the computer, al] 
logic equations must be checked. Refer to TM 9-1220-221-34/1/1 for 
lists of computer logic equations. Logic equations are composed of the 
outputs of one or more flip-flop circuits and since the FALT will be 
used to set these flip-flop circuits, the ability of the FALT to ad- 
dress and test these flip-flop circuits should be checked. : 
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4-32. 
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DESCRIPTION OF B TEST TAPE--Continued 


b. Flip-Flops. 


(1) 


(2) 


(3) 


(4) 


Marker 001. As an example, flip-flops D7 and CN6 are tested during 
marker 001 on the B test tape. Refer to TM 9-1220-221-34/2 for 
printout of B test tape. Both of these flip-flops are located on 
circuit board 240. Printed circuit boards 101 and 432 are also 
called out in the test tape listing. Circuit board 101 contains the 
"or" diode circuit for F1T1 and FOT1 lines. Refer to paragraph 4-36 
for a description of computer F1T and FOT lines. The pulse generator 
board no. 432 provides the clock timing. The B test tape then 

a by testing the remaining flip-flops connected to F1T1 and 
FOT1 lines. 


cc Tr ee eT re ee ee peeieareeersay OV 
Boards 101, 240, 432 - | 
1SA ITF 07 CN6 OSA OTF D7 ~—s«CNG 
1V 


Marker 011. Beginning at marker 011 the flip-flops connected to 
F1T2 and FOT2 are tested. Since different "or" diodes are now in- 
volved, printed circuit board 101 is again called out in the test 
tape listing at marker 011. The B test tape continues by testing | 
the remaining flip-flops in the FADAC according to their F1T and FOT 
lines. As the first flip-flops of new F1T and FOT lines are tested, 
the printed circuit board containing the "or" diode is cal led out in 
the test tape listing. 


UUL 4 Bia eeGeaa wie sas Sawa abacus emerees rere reer eT 
Boards 101, 229 | | 

1SA 1TF C4 1D =~ OSA OTF C4 ID. 

1V | 


Marker 031. Marker 031 tests flip-flop MP and OFLO which are the 
first flip-flops of the F1T4 and FOT4 lines. The “or" diode for the 
F1T4 line is located on printed circuit board 433 which is called 
out in the test tape listing. 


031 @eeeeeonev02ee8e8 e886 0 8 Ses Eau e ae enema ecs @#ee5eee?@ eT | 
Boards 433, 341 oO 
1SA ITF MP OFLO 
1V 


Marker 061. The response lines for the read and write flip-flops 
are tested in the B test tape starting at marker 061. Write flip- 
flops are located on write amplifier boards and read eauheenrene are 
located on read switch boards. 


061 re jiawissdineee eens teers ee en ree Seca OV 
Board 439 | 
1SA 1TF F QP OSA OTF ; QP 
1V 
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(5) Marker 066. Timing for the read flip-flops is provided by the 
Strobe pulse which is generated on the network C board 323 which is 
called out in the B test tape listing at marker 066 where the first 
read flip-flop is tested. The main memory write flip-flops MWO and 
MW1 are not tested at this time; main memory read flip-flops MMN and 
MMP are tested at marker 078 and 079. The time delay/write inhibit 
flip-flop, TDWI, is tested at marker 077. 


NOTE 
‘The time delay/write inhibit flip-flop is referred to as the PS 
flip-flop in all test tape listings. 


066 @eeeeseeseaoeneoenoeneaeeneone0e 8 eeeee8 @ ee rr ee ee ee ee eae OU | 


Board 303 
1SA 1TF S OSA OTF S 
1V 


(6) Marker 080. At marker 080 the B test tape begins the testing of 

= flip-flop addresses. Each flip-flop in the FADAC has a separate 
address and whenever any one flip-flop is addressed and set, no 
other flip-flop in the computer should be affected. For example, at 
marker 080 all flip-flops are one set by the 1SA command; flip-flop 
S is then addressed and zero set. Since flip-flop S is the only one | 
that has been addressed, all other flip-flops should remain one set. 
The B test tape continues by one testing all the flip-flops whose 
address is similar, to ensure that they remained one set when the S 
flip-flop was addressed and zero set. The S flip-flop address is 
DURO2, DLR33; the RM flip-flop address is DURO3, DLR33; both S and 
RM have the same DLR address but different DUR addresses. However, 
if the DUR address diode CR65 located on circuit board 307 was open, 
the address gate would not be held false and the flip-flop RM would 
change states whenever the S flip-flop was addressed. The remaining 
flip-flops whose address is similar to the S flip-flop are also one 
tested to ensure they have not zero set when flip-flop S was addressed; 
LO flip-flop is one tested at marker 081; ‘flip-flop XO is one tested 
at marker 082 and so on until all flip-flops with addresses similar 
to S have been tested. The B test tape continues by selecting one 
flip-flop, zero setting it, then one testing flip-flops with similar 
addresses. For a complete description of flip-flop addressing refer 
to paragraph 4-37. 


080 eoeoeecececece oe ecec ee eeoeereeeee eeooeoereeeceoeeecos ee ee ee ee & OV 


Board 307 
1SA S 1TF RM 
iv 
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| “4-32. DESCRIPTION OF 8 TEST TAPE--Continued 


(7) Marker 265. An additional test of flip-flop addressing shes at 
marker 265; here the DU address diodes are being tested. The two 
flip-flop circuits located on any logic flip-flop circuit board have. 
a common DL address. For example, flip-flops D7 and CN6, located on 
board 240, have the same DL address of 20 but different DU addresses. 
In marker 265 flip-flop D7 is zero set and flip-flop CN6 is one 
tested to verify it has not changed states. If, however, address 
diode CR60, located on board 240, was open, CN6 would have zero set. 
Also, an error indication would have appeared on the FALT. The DU 
address diode (CR59) for the D7 flip-flop is tested by addressing 
and zero setting CN6 and then one testing D7 to ensure it has not — 
been zero set. All DU address diodes are tested by the B test tape 
in this manner. | 


O65. * codeastseeuiansoeuiencovocameanesnseeneeeeieeee ssaaenees OV 


1SA D7 1TF CNG ISA (N6 _—_sidITE D7 
OSA D7 OTF  CN6 OSA CNG OTF D7 


(8) Marker 347. After completing marker 347, the F1T and FOT response 
lines and “or" diodes have been tested; the DU/DL address lines have 
also been tested. Therefore, the flip-flop circuits can now be used 
to logic test the FADAC. The first logic circuits to be tested by 
the B test tape are the addressable logic drivers. 


NOTE 
Addressable logic drivers are those logic driver circuits whose 
outputs are directly connected to the FALT through the external 
test cables. 


347 CN3 CR7 CR5 CR3 C7 C5 C3 DC DSH O08 
D6 DAS DAG DA4 DA2 D& D2 DFS IC 
IP LC  LX* MN NC. CN2 OB6 0B4 0B2 *O0P3 
OP1 05 O03 PE PP QX RX TP XD X2 
CLC DP 32 QP XP DO LO RO QO S 
MMN . @ . << « & « 


c. Logic Drivers. There are a total of 85 logic drivers in the computer. 
€ach of the four logic driver circuit boards contain 20 logic driver 
circuits; the remaining five logic drivers are located on the network 
A circuit board. 


(1) Marker 348. 


‘(a) The first logic driver to be tested is /KD1/ which is tested 
during marker 348. The logic for KD1 driver is reproduced below. 


/KD1/ = + K' D 236 B15 
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NOTE. 
The circuit board and output connector pin is also included in the 
table of logic equations. The basic circuit for all flip-flop 
equations, including logic driver and primary gate circuits have 
been mechanized and are available in TM 9-1220-221-34/1/1. 


(b) With reference to the schematic diagram (fig. 4- 18) the "and". gate 
for the driver circuit is composed of diodes CR4 and CR5 located: on 
circuit board 237. Flip-flop outputs D and K- are connected to 
pins A20 and A21 respectively. A clamp is provided to prevent 
damage to the driver circuit when using diode CR6. The output from 
the "and" gate is referred to as KD1. Marker 348 of the test 
listing is partially reproduced here for reference purposes. 


Tr 
COMPUTER 
CIRCUITS 


ARR 80-1228 
Figure 4-18. Mechanization of /KD1/. 


(c) The first command in marker 348 is OSA (zero set all) and both D 
and K flip-flops will be zero set. After an OSA command the 1SF 
(one set following) command is generated by the FALT. | 


348 Logic for KD1 is on bords 236,. 237. 
OSA D 1TA KD1 ; 01 ; ; ‘ - é 
1SA K. 1TA KD1 » Ol | ee 
1SA OTA KDI » Ol K- ‘ ; 
1SA D K OTA KD1 . O1 D 


NOTE 
Since the 1SF command is automatically generated by the FALT, 
the command does not appear on the test tape and is not shown. on 
the test listing. 


(d) Flip-flop D is then addressed and one set, a the logic for 

: KD1 driver. The 1TA (one test "“and") command follows and then the 
logic driver is addressed and tested. If no error is detected by 
the FALT the B test tape continues with the next set of indexes. 
Both flip-flops are now one set by the command 1SA; flip-flop K is 
then addressed and zero set again, completing the necessary logic 
for KD1. Driver KD1 is again one tested to ensure it is on. The 
next test is a negation test of diode CR4 on circuit board 237. The 
flip-flops are both one set by the 1SA command. Since flip-flop K 
is now one set, the logic for KD1 is not true. However, if diode 
CR4 is open, it will not hold the gate false, therefore, the logic 
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4-32. DESCRIPTION OF B TEST TAPE--Continued 


driver will be on and an error will be detected when the driver is 
zero tested by the OTA command. The last test in marker 348 is the 
negation test of diode CR5. Both flip-flops are again one set, 
addressed, and zero set. Since flip-flop D is now zero set, the 
logic gate should be false, however, if diode CR5 is open it wil] 
not hold the gate false, therefore, the logic driver KD1 has been 
tested to determine that it is turning on when the logic is true and 
remaining off when the logic is false. 


(2) Marker 383. During marker 383 on the B test tape the last addressable 
logic driver is tested; the remaining driver circuits will be tested 
during other computer logic tests. For example, driver /NXD/ is tested 
during marker 384 when the primary "and" gate (BDX) is tested. 


383 Logic for TSH is on boards 233, 236. 


1SA TO TX D E K OB3 =P OTA TSH 
@ 01 DSP- ® e e e e e ‘ e 

ISA =O TX DSP D K TP TOA TSH 
. O1 OB3- . a oe 
1SA TO TX — DSP D E K OB3 OB2 TP 
OTA TSH . O11 OB2~. e . . ° 

1SA TO TX. DSP D E K OB3 . OTA TSH 
01 TP- | ‘ ° ° ° . ° 

ISA - DSP D E K OB3 TP OTA TSH 
01 X- e ° - @ e ° @ 

1SA TX DSP D E K 0B3 TP OTA TSH 
® 01 T0- e e e e e e & e 


d. Addressable Primary “And" Gates. Beginning with marker 384 in the B 
test tape the addressable primary “and" gates are tested. Addressable 
gates are those gates whose output is directly connected to the FALT 
through the external FALT cables. 


(1) Marker 384, general. The first gate to be tested is (BOX): the 
logic for (BDX) is reproduced below. 


(BDX) = X1 X2 /NXD/ 237 A24 


(a) Gate (BDX) is made up of flip-flops X1 and X2 and logic driver 
circuit /NXD/. Logic driver circuit /NXD/ is not an addressable 
logic driver and therefore, has not been tested in the logic 
driver portion of the B test tape. During marker 384, however, 
"and" gate (BDX) and logic driver /NXD/ will be tested, Since it 
is part of the logic for gate (BDX). In addition to the circuit 
boards containing gate (BDX), the circuit boards associated with 
driver /NXD/ are called out in the B test tape listing at the — 
beginning of marker 384. The logic for /NXD/ is reproduced below. 


_JNXD/ = + DSP DSH- *WI XD- 40481 


(b) 


wr 247 


xD—- ASO 


ose 


(c) 


(d) 


(e) 
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Term WI, in the logic for driver INXD/, is the zero output side of .. 
TDWI flip-flop; this flip-flop is referred to in the tape listings 

as PS, therefore, whenever PS flip-flop is zero set, term WI is | 

true. Primary "and" gate (BDX), including driver /NXD/, is mecha- 
nized below (fig. 4-19). 


264 317 AS4 B83 404 6 A2Z5S__ 4, CRI3 sod | a COMPUTER 
/NXD/ (BDX) CIRCUITS 


, CRE] | — A26_,, cri2 | 


a2? ..cri| [CRSR4 TO TEST 
NXD xt 14 | SET JOIGA 


. ® 
RI | 825 — 76V IBV 


#R Ri 


oy ‘ey | | ARR 80-1229 


Figure 4-19. Mechanization of (BDX). 


The logic for driver /NXD/ is located on circuit board 317. Two 
separate “and" gates are used for /NXD/ logic driver input. These 
"and" gates are tied together to form one four-input “and" gate as 
shown on figure 4-19, As in all logic driver input gates, the 
circuit is clamped to -6 volts. The driver circuit itself is 
located on board 404. The input is on pin B3 and the output is 
pin Bl which is then tied to the input of gate (BDX) on pin A25 of 
board 237. The remaining inputs to the gate, X2 and X1, are on 
pins A26 and A27 respectively. 


Addressable primary "and" gates are tested by the FALT in basically | 
the same manner as logic drivers were tested. Negation tests are 
also performed on the primary "and" gates. The (BDX) "and" gate 
test explanation may be followed by using the listing below. 


The test of (BDX) begins by addressing the necessary logic and 
then one testing the gate. The first command read on the tape is 
OSA which is followed by the address for DSP. This will then 
complete the logic for driver /NXD/. Flip-flops X2 and X1 are 
then addressed, completing the logic for (BDX), which is then one 
tested to ensure it is true. 


384 Logic for BDX is on boards 237, 317, 404. 
OSA DSP X2 Xl _ MITA BDX 01 


1SA DSH XD PS _ 1TA_ BDX - Ol. ° ° 
ISA DSH XD Xl PS OTA BDX ‘ 01 Xl , 
ISA DSH XD X2 PS OTA BDX » O01 X2 ° 
ISA DSH DSP XD PS -OTA  BDX - O01 NXD_ DSP 
1SA XD PS OTA BDX . 01 NXD DSH- ye 8 
ISA DSH XD OTA BDX . O01 NXD *WI er 


1SA DSH PS OTA BDX . O01 NXD XD- ; . 


— 439 
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DESCRIPTION OF B TEST TAPE--Continued 


(2) Marker 384, index 011. The second test of (BDX) beginning with index 


(3) 


(4) 


(5) 


011 is also a one test of the gate. Here the first command is 1SA 
which is followed by the address for DSH, XD, and PS. Again, as in the 
first test, the logic is now set and (BDX) is one tested. The first 
negation test begins with index 021. In this test, SEMEN! and 


flip-flop X2 are both true. 


Marker 384, index 021. The Xl flip-flop has been zero set, therefore, 
gate (BDX) should be false and is zero tested to ensure this. The X1 
flip-flop is tied to gate (BDX) through diode CR11 (fig. 4-19) on board 
237. If the diode were open, it would not hold the gate false and an 
error is detected by the FALT, the next negation test begins with index 
031. In this test, diode CR12 will be tested because the X2 flip-flop 
is now false and this diode should hold the gate false when it is zero 
tested. 


Marker 384, index 041. In the next test, beginning with index 041, a 
negation test of diode CR13 is made by turning off driver /NXD/ and 
zero testing gate (BDX). In order to turn off driver /NXD/, its input 
gate located on circuit board 317 must be false; therefore, one input 
to the driver input gate must be false. In the test beginning at index 
041, flip-flop DSP is zero set, thereby making the driver input gate 
false, thus turning off the driver. With the driver false, gate (BDX) 
should be false and no errors should be detected by the FALT when (BDX) 
is zero tested. If the test passes with no error indication several 
things should be apparent. First, diode CR13 is conducting properly 
and holding gate (BDX) false; second, driver /NXD/ is turning off when 
its input gate is false; third, diode CR1 is conducting properly and 
holding the driver input gate false. The remaining diodes to the 
driver input gate must also be tested to ensure that they will hold the 
input gate false. Diode CR2 is tested in the next test when flip-flop 
DSH is one set; diode CR64 is tested next and finally diode CR61. | 


Completion of marker 384. After completing marker 384 on the B test 
tape the primary "and" gates have both been tested even though logic 
driver /NXD/ is not an addressable logic driver. From marker 384 to 
458 the addressable primary "and" gates are tested. However, not al] 
primary "and" gates are addressable. The ones which are not will be 
tested in other computer logic tests. The addressable write switches 
associated with computer memory writing will be tested in the E test 
tape beginning at marker 252. 


Flip-Flop Logic Tests. 


(1) With the completion of the primary "and" gate tests, the B test tape 


begins the tests of flip-flop logic. There are four tests performed 
on the logic for each flip-flop. The tests performed include "or" 
tests for the one input, "and" tests for the one input, "or" tests 
for the zero input, "and" tests for the zero input. Flip-flop logic 
can be defined as all logic equations that are used to one or zero 
set a flip-flop. ™ 9- 1220-221-34/1/1 contains a complete list of 
the logic equations that exist in the computer. 


(2) 


(3) 


(4) 
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When a set all command (1SA or OSA) is read on tape the FALT reacts 
in two ways; first, all DU/DL drivers are turned on activating al] 
DU/DL lines; second, a clock pulse is output to all flip-flop 
circuits. The FALT activates all DU/DL lines since all flip-flops 
are to be set. A 1 clock pulse results from a 1SA command and a 0 
clock pulse results from a OSA command. 


To change the state of any flip-flop circuit, two things are re- 
quired; a true logic input and a clock pulse. The DU/DL lines, when 
they are on, can substitute for a logic input. All that is required 
then, to change the state of a flip-flop with the DU/DL lines on, is 
the clock pulse. Therefore when the logic of a flip-flop is to be 
tested, it is used as the logic input. ) 


In the first test of flip-flop CL3 in marker 533 the output from the 
first equation is used to one set CL3. In addition to the input 
from the first equation, a 1 clock pulse is required to set CL3. 

The 1 clock pulse results when the 1SA command is generated in the 
FALT. However, with the clock pulse, DU/DL lines are also acti- 
vated. Since the output of the first logic equation is being tested 


to ensure it will one set the flip-flop, the DU/DL lines cannot be 


used. However, these lines will be on when the 1SA command is gene- 
rated. The reference or bias voltage used with the DU/DL diodes 
must be turned off to eliminate interference from the DU/DL lines. 
This reference or bias voltage in the computer is known as -18VFT. 
The -18VFT originates in the FALT and is on whenever the E18 flip- 
flop in the FALT is one set. By zero setting the E18 flip-flop, the 


_ =18VFT will be turned off. Since the -18VFT is the bias voltage for 


(5) 


the DU/DL diodes they will not affect the flip-flop circuit when the 


bias voltage is off and the logic input can then be used to set the © 


flip-flop. The 0£18 command on tape will zero set the £18 flip- 
flop. This command will be followed by a set all command to generate 
the required clock pulse to set the flip-flop and effectively test 
the logic equation. After the set all command, the 1£18 command 
follows to one set the E18 flip-flop which turns on the -18VFT bias 
voltage required to test the flip-flop. 


Beginning at marker 533, the logic for flip-flop CL3 is tested. Due 


to the length of the test involved, it will not be reproduced here. 


However, the CL3 flip-flop logic test explanation may be followed by 
using the B test tape. Six equations make up the logic for the one- 
set side of CL3 flip-flop. The logic for 1CL3, as outlined in TM 9- 
1220-221-34/1/1, is reproduced below. | 


1CL3 = +CL4 (KB5) 
+ 


( +CL5- S LP- 
( +CL5- S- LP 
( +CL5 S LP 
+CL5 S- LP- 
+ 


/KTRS/ | 
/KA- /XC/TRC/(BL3) 
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4-32. DESCRIPTION OF B TEST TAPE--Continued 


(6) The second thru fifth equations are first "ored" together, then 
"anded" with a common term driver, /KTRS/, using a tertiary gate. 
The output from tertiary gate is then "ored" with the first and 
sixth equations to form the logic for CL3. 


(7) The logic for 1CL3 is mechanized in the schematic (Fig. 4- 20). The 
first equation for the one-set side of CL3 is tested during the 
first two tests in marker 533. The first equation is made up of 
‘terms CL4 and (KB5). The logic for "and" gate (KB5) is /KB/ and B5. 
Driver /KB/ is fed from the one output of flip-flop K which will 
complete the logic for the first equation. The next command 0E18 
turns off the -18VFT bias voltage. A 1SA command follows, gene- 
rating the necessary 1 clock pulse. Flip-flop CL3 was zero set by 
the initial OSA command and since the logic for the first equation 
has been addressed, CL3 should one set with the 1 clock pulse from 
the 1SA command. With the next command the E18 flip-flop is one set 
to turn the -18VFT on for testing; this is followed by the 1TF (one 
test the following) command. Flip-flop CL3 is then addressed and 
tested. In this first test of the CL3 logic, only the first equation 
was tested since it was the only equation whose logic was true. 


-18V 314 | 
(K8S) BSI CR26 CR27 BSO 
CL4 852 R25 ICL3 
-18V | 
LP~ a62 cR49 CR50 
S$ B6I CR4I | ‘ap 7 : ; as 
| | -I8VFT 18 30 
CL5 862 cR42 oo ~TE | ie 
LP AGI CR56 | 
S- A63 CRS7 CRS3 : 
CL5-863 CRS4 " ror | crea day 020° 
-18 , 
| Yew 1CL31 9" IN 
LP als cRri08 
Ss Als CRIIO Al? “ag | 
314 /KTRS/ 
CL5 ale CRIO9 ou 
CRIS  CL3 FLIP-FLOP 
LP- al3 CRUZ 314 
S- Ala cRN2 Al2 
CLE BIS R14 | 
-18V 314 
(8L3) a35 CRIS! CRI32 A34 
/TRC/ A336 CRI3O | ICL3 
xC A3T cRI29 
/KA-/ A369) CRI28 ARR 80-1230 


Figure 4-20. Mechanization for 1CL3. 
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The first command in this test is ISA which will complete the logic 


(9) 


(10) 


(11) 
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The second test marker 533 is also a test of the first equation. 


for the first equation. However, before clocking, CL3 must be zero 


~set to test the logic. The -18VFT is then turned on, and the flip- 


flop is 1 clocked and then one tested. 


Index 021 begins the test of the second equation. Since the second 
equation is “anded" with tertiary term, driver /KTRS/ must also be 
true to set the flip-flop. The B test tape continues by testing 
each equation to ensure that when the logic for each equation is 
true the flip-flop will set. 


The "and" test of the logic for the one side of CL3 begins with 


marker 535. In an “and" or negation test the particular flip-flop 


is initially zero set and various logic inputs are set false so that 


no one-set logic equations are true. The flip-flop is then 1 clocked 


and zero tested to ensure it has not one set since no logic equation 


is true. In the first test of marker 535, the 1SA command is followed 


by the addresses for flip-flops no logic equation should be true. 
In the first equation CL4 has been zero set; in the sixth equation, 
driver /KA-/ is not on and equation two thru five are false. Flip- 
flop CL3 was also zero set and when 1 clocked should not one set. 


If CL3 one sets, two possible causes exist; either diode CR25 (as- 
sociated with the CL4 flip-flop in the first equation) or diode 
CR128 (associated with driver /KA-/ in the sixth equation) is open, 
since both of these terms have been negated. In the test tape 
listing following the first test in marker 535 the terms associated 


with the diodes under test are called out. For example, 01 CL4 


indicates that the diode associated with term CL4 of the first 
equation is under test. In the schematic (fig. 4-20), term CL4 is 
tied to the gate of the first equation on pin B52 through diode 
CR25. In the sixth equation the dipde CR128 associated with term 
KA- is also under test (the schematic diagram, fig. 4- 20). All of 
the diodes for each of the six equations will be tested in this 
manner. In addition, the diode of the tertiary gate will be tested. 
The B test tape continues by testing flip-flop logic. Flip-flop LX 
is the last flip-flop to be tested in the B test tape. At the end 


of marker 730 the composite listing for markers 340 thru 347 is 


printed. 


4-33. DESCRIPTION OF TEST TAPE C 


a. General. The C test tape begins by testing the logic for flip-flop CP3 
and ends with logic tests of flip-flop 04. In all, the logic for 40 
flip-flops will be tested during the C test tape. The tests performed 
on the logic for each flip-flop are the same tests as those performed 
in B test tape. | 
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b. Sample Tests. 


(1) The BSC (both sides clock) command is used during the testing of 
flip-flop CP3. When the BSC command is read on the tape, the FALT 
generates both a 1 and 0 clock pulse which is applied to the flip- 
flop under test. In the case of flip-flop CP3, the BSC command is 
used in the “and" test for the one side and the zero side. The 
logic for the one and zero input of CP3 flip-flop is reproduced 
below: : 


1 CP3 = +CL4 (KFST) 
+CP3- CP2/0CT/ 


0 CP3 = +CL4- (KFST) 
+(CRS) 
+CP3 CP2/0CT/ 


(2) In the second equation for the one input of CP3 the prime or zero set 
output is used; in the third equation for the zero input of CP3 the one — 
set output is used. The logic for CP3 is mechanized in the schematic 
(fig. 4-21). The one-set output on pin B28 of the logic flip-flop 
board is tied to the zero input logic on pin Al8 of board 318; the 
zero-set output on pin B27 is tied to the one-set input logic on pin B6. 


AS3 BS3 


"“O" OUTPUT Al7 , Als 


B17 AIG scp2 
“Oo” INPUT AIS . CP3 


319 
CL4- 


B50 
| Bo! e(KFST) 


ARR: 80-1231 
Figure 4-21. Mechanization of CP3 Logic. 


(3) The "or" test for the one side of CP3 is similar to the “or" tests 
for the other flip-flop logic. Each equation is tested to ensure it 
will one set the flip-flop. The "and" test for the one side is 
also conducted in a similar manner except for the negation test of 
the diode associated with term CP3- in the second equation (CR106). 

To perform a negation test of diode CR106 it will be necessary to 
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one set flip-flop CP3 making term CP3- false. However, with CP3 
flip-flop one set, it is now impossible to 1 clock the flip-flop and 
test it since it is already one set. To make the negation test of 
this diode the BSC command must be used. In the logic equation for 
CP3, terms CP2 and /OCT/ are common to the second equation for the | 
One input side and the third equation for the zero input side. The 
difference in the two equations is CP3- and CP3. For a negation | 
_ test of CP3- the other terms in the equation are true and CP3 is one 
set, making the third equation for the zero input true. With the 
BSC command, a clock pulse is applied to both sides of the flip-flop 
and because the third equation is true the flip-flop should zero 
set. However, if the diode associated with term CP3- in the second 
equation is open, it will not hold the gate false and, therefore, 
when the flip-flop is clocked it will remain one set. 


(4) The test explanation for CP3 may be followed by using the test tape 
C program printout (TM 9-1220-221-34/3). The CP3 "and" test for the 
One side begins at marker 002. The negation test of diode CP3- 
begins with index 041. The 1SA command is followed by zero setting — 
flip-flops B2, D, E, FS, K, and OB3. Once these flip-flops are zero 
set, the first equation for the one input side is false. Flip-flop 

-K was zero set making gate KFST false. The second equation is also 
false since CP3 is one set. After the flip-flop addresses, the 0E18 
command follows turning off the -18VFT bias voltage. The next 
command on tape is BSC and both a 1 and 0 clock pulse are now applied 
to all flip-flop circuits. However no flip-flop in the computer 
will be affected by these clock pulses. 


NOTE 
Whenever a set all command (1SA or OSA) is read on. tape, the FALT, 
in addition to generating a clock pulse, turns on all DU/DL drivers 
Since both are required to set a flip-flop. But with a BSC com- 
mand,- the DU/DL drivers are not on. With the DU/DL drivers off, 
ground appears on the DU/DL lines to all flip-flop circuits and 
any logic input signal will then be grounded. When the logic 
input signal is grounded, the flip-flop will not change states 
when clocked. It is necessary, therefore, to address the flip- 
flop which is being tested. After the BSC command, the FALT will 
remain in the both sides clock mode and the flip-flop under test 
can then be addressed. 


(5) After the BSC command, CP3 is addressed and a 4 and 0 clock pulse are 
applied to CP3. Flip-flop CP3 should now zero set since the third 
equation for the zero input logic is true. However, if a true signal 
is also present on the one input side, CP3 will remain one set. This 
condition will exist if the diode associated with term CP3- or term 
(KTRS) is open. After CP3 is addressed, the E18 flip-flop is one set — 
and CP3 is then zero tested. If CP3 had zero set, no error will be 
detected and a negation test has been successfully performed on diode 
CR106 using the BSC command. 


(6) There are many flip-flops in the computer whose logic is tested 
using the both sides clock command. In the negation test of the 
zero input logic of CP3 during marker 004 the BSC command will again 
be used. The C test tape continues with flip-flop logic tests 
enarng at marker 344. 
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4-34, DESCRIPTION OF D TEST TAPE 


“a. General. The D test tape begins with the logic tests of flip-flop OB6 
and ends with the logic tests of flip-flop X1. The computer shorting | 
cable is used when running the D test tape. Tables 4-7 thru 4-9 indi- 
cate the computer shorting cable term and pin lists for connector J016, 
and JO10. The mechanical reader, one of the input devices, is also 
tested with this tape. | 


Table 4-7. Computer Shorting Cable Term and: Pin Listing Connector J016 


From Wire | To 

pin term Connector pin Term Remarks 

Fo seRT J017 /3 F281: 100-ohm resistor jumper/sub- 

| : assembly to J010-P 
G R7- — J017 /K F291 100-ohm resistor jumper/sub- 
| assembly to J010-R 
H R6 J017,———iséSM F301 100-ohm resistor jumper/sub- 
| 7 assembly to J010-S : 

J Re 3010 X  OPL10~—- Subassembly to J010/K 

K R5 J101 /T F20 - Subassembly to J010/E 

L R5- =: 010 /v F21 Subassembly to J017-HH/J010/A 
M | R4 J016 - y GPSS- Jumper/subassemb]y to J010/V 7 
N R4- goles X GPHH-  Jumper/subassembly to J010/W 
PRD. 3010 /X  F24.~—s Subassembly to J017-Ju 

R R3- J017 /N -F25.~—~—Ss Subassembly to JO17-KK 
SR? 3017 /P —-F26 Subassembly to JO17-LL 

T R2- J017 /Q  ~=«~F27 Subassembly to J017-MM 

U RFS J017 /R ss F28 ‘Subassembly to J017/R 

v RFS- goi7 ss fS F29 Subassembly to J017/S 

X GPHH- Jol6 SiN R4- Jumper/subassembly to J010/W 
Y  GPSS- 016 MRA Jumper/subassembly to J010/V 
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~J010 
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From Wire To | 
— pin term Connector pin Term Remarks 
D 116 J010 FF —_—- ESU20 
E  —«:126 9017 Z PEOO —- Jumper 
F 13G J017 Y RDYO Jumper 
Gs: 146 J010 K 0202 
H ISG 3017 W = RGO dumper 
2 166 3017 v FB10 dumper 
KK ‘I17G J010 u IMTO 
L 186 J010 T AMTO 
MTG J010 v FBOO 
N TG 3017 x RHO Jumper 
p TGO- J017 T MTF Jumper 
OR TEIP J017 S TR- Jumper 
STR 3017 R -‘TEIP ~— dumper 
T MTF J017 P TGO- Jumper 
USsIFS~=—S—S—=éiONNOO /S Fig 
vo FBIO.~———s0117 J 166 Jumper 
W RGO J017 H 15G Jumper 
x RHO J017 N TG- Jumper 
Y RDYO J017 F 13G Jumper 
z PEQO }~3=ss—s«id0117 E 126 Jumper 
/A ss OPLAOs—i‘idd PSI 
/B —«OPLSO. ~——- 010 /Q F231 
/C OPL60  ——-J010 /R Fal 
/G F251 L D300 
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4-34, DESCRIPTION OF D TEST TAPE--Continued 


Table 4-8. Computer Shorting Cable Term and Pin 
Listing Connector J017--Continued 


From Wire To 
pin term 


/# 
/1 
/3 


/K 
/M 


/N 
/P 
/Q 
/R 
/S 
HH 
JJ 
KK 
LL 
MM 
NN 
PP 
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F261 


F271 
F281 


F291 
F301 


F25 
F26 
F27 
F28 
F29 
F14 
F15 
F16 
Fl7 
F18 
CTT1 


MRTT 


J010 


_ J010 


J016 
J016 
J016 


J016 
P017 
J017 
J016 
J016 
J010 
J010 
J017 
J017 
J017 
J010 
J010 


Connector pin Term 


D400 
D500 


RI 
. R7- 


RG 


R3- 
F17 
F27 
RFS 
RFS- 
FTF- 


F24 
F25 
- F26 


F27 


EER20 


TFAQ- 


Remarks 


100-ohm resistor in series with 
pins (subassembly to J101-P) 


100-ohm resistor in series with 
pins (subassembly to J010-R) 


100-ohm resistor in series with 
pins (subassembly to J010-S) 


_ Subassembly to JO017-KK 


Jumper/subassembly to J016-S 
Jumper/subassembly to J016-T 


Subassembly to J010-U 
Subassembly to J016-P 
Jumper/subassembly to J016-R 
Jumper/subassembly to J016-S 


Jumper/subassembly to J016-T 
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Table 4-9. Computer Cable Term and Pin Listing Connector J010 


J010 


To 


From Wire 
pin term Connector pin Term Remarks 
J D100 J010 /H TFBO Jumper 
K. D200 J017 G 14G 
L D300 —-J017 /G F251 
M D400 J017 /H F261 
N D500 J017 /1 F271 
p D600. J016 F R7 Subassembly to J017-/J 
R D700 J016 G R7- Subassembly to J017-/K 
S D800 J016 H R6 “ Subassembly to J017-/M 
T AMTO J017 L 186 
T 1MTO J017- kK —s-'176 
V FBOO J017 ” TG 
W STB J010 /1 TFBO- Jumper 
X OPL1 J010 /K F191 100-ohm resistor in series with 
| pins/subassembly to J016-J 
Y OPL2 J010 /M F201 Jumper 
Z OPL3 -J010 JN F211 Jumper | 
/B FTF= J017 HH F14 Subassembly to J010-/U 
JE OFS J010 /T — F20 Jumper/subassembly to J016-K 
/F TFAl- ~— 010 /J-‘TEOP — Jumper | | 
/G TFAO- JO17. pp MRTT 
IH TFBO JO10 J D100 = Jumper 
/I TFBO- J010 W STBO Jumper 
/o TEOP /F -TFAl- ~—- Jumper 
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Table 4-9. Computer Cable Term and Pin Listing Connector J010--Continued 


From Wire To | 

pin term Connector pin Term Remarks 

/K F19] J010 X OPL10 100-ohm resistor in series with 
pins/subassembly to J016-d 

™  ——*F201 3010 Y  OPL20. Jumper 

IN F211 3010 2‘  OPL30 dumper 

/P F221 = J0l7” /A —OPL40 

/0 F231 3017s /B~—SCs«OOPLO 

/R Ss F24T J017 /C ——OPL60 

/S F19 JO17 U IFS 

/T ——-F20 3010 /E OFS ~—dumper/subassembly to JO16-K 

/U F21  JO17 > HH F14 Subassembly to J010-/A 

IN F22 J016 M R4 Subassembly to J016-Y 

MM F23 JOl6 =O R4- —-- Subassembly to J016-x 

/x F24 gol7 SFA Subassembly to J016-P 

EE EER20  J017 NN CTT1 

FF  - ESU20.—S—s«O‘OA'T D 116 


b. Specific Tests Pertinent to D Test Tape. 


(1) The input register in the computer is made up of flip-flop D1 thru © 
D8. These same flip-flops are also used in the output and display 
functions. In the D test tape, the mechanical reader is tested using 
these input register flip-flops. During the E test tape these same | 
flip-flops are used when the keyboard, another input device, is 

tested. 


(2) D8 is the first input register flip-flop to be tested. The test 
begins at marker 133 in the test tape D program printout. The logic 
equations for D8 are contained in TM 9-1220-221-34/1/1. Input term 
*I8 appears in the first equation. 18 enters the computer from an 
external input device through connector J017. However, when testing | 
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the computer, no input device is connected. The computer shorting 
cable which is tied to connector J017 during testing is used to 
simulate various input terms; in this case *I8. This input term 
enters the computer on pin L of J017 and is then routed to driver 
circuit on board 402. The output of the driver is then "anded" with 
gate (OSA) to form the first logic equation for flip-flop D8. The 
method used to simulate input terms *I8 is on figure 4-22. When the 
shorting cable is connected, pin L of J017 is tied to pin T of J010 
(J10 is the computer output connector). Output term AMTO, the 
signal on pin T of J010 is used to identify the address period to 
some external output device. However, with the computer shorting 
cable connected, its function is to simulate the *I8 line. In the 
test of the first equation for D8, at marker location 133, the logic 
to turn on AMTO will be addressed. Once AMTO is true, the equation 
can be used to one set D8. In addition to testing the logic for D8, 
the *I8 input driver and the AMTO output driver have both been 
tested in marker 133. 


212 
08 
JOI7 | 402 | 212 
L BI7 BI5 _B3 212A3l B40 
18G * I8 IDS “I INPUT 
| (osajen’ , 
SHORTING 
CABLE A5 
403 | | 
JOIO B34 
T B32 | A54 B47 OB6 
AMTO AMT 
| | » ASO OB5- 
A25 03 
A26 O06- 
A27 /KOPC/ 
ARR 80-1232 


Figure 4-22. Stimulation of Input Terms *18. 


(3) Other computer output terms are also used to simulate inputs and are 
tested in this manner. When input term *I7 is tested during the D7 
flip-flop tests, output term IMTO is used to simulate *I7. 


(4) The eighth equation for the one input of D8 also contains an input 
term. This input term, *I8C, originates in the computer control 
panel and is an output of the mechanical reader or keyboard. There 
are a total of eight input lines from the computer control panel and 
each one is used with a different input register flip-flop. By using 
the D flip-flop the input device on the control panel can be tested. 
In the D test tape the mechanical reader input device will be tested. 
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4-34, DESCRIPTION OF D TEST TAPE--Continued 


(5) The logic necessary to activate the mechanical reader solenoid is illus- 
trated in the schematic in figure 4-23. The output from the tape sensing 
lever, called MRL, is used as an input in the mechanical reader logic. 
When the mechanical reader is to be used in the D test tape, a piece of 
tape must be placed under the tape sensing lever to complete the logic. 


(6) 


(7) 


The test of I-line 8 from the mechanical reader occurs in marker 134 
beginning at index 081. Once the mechanical reader logic has been 
addressed, a time delay follows; this allows the solenoid to close 
and push the tape sensing pins up. Since no tape has been placed 
under the pins, they all indicate an output signal of -10 volts. I- 
line 8 is then "anded" in a gate circuit with OB2- and then used to. 
one set D8 flip-flop. Each of the I-line outputs from the mechani- 
cal reader are tested separately, when D7 is tested I-line 7 is 
tested. Term *TC (timing control) is also an output from the 
mechanical reader. This term which is used in the logic for 0B4 
flip-flop was tested earlier in the D test tape when 0B4 was tested. 


The remaining input devices located on the control panel are tested 
when the E test tape is used; the D test tape continues with flip- 
flop logic tests similar to those described in paragraph 4-32d. 


409 Jo2t 
AGS AGO oe 
MRL 
— 4 tape 
A48 | SENSING 
MRL 339 = LEVER 
Aag B55 , | 
+15 VOLTS 
B49 : 
| -10 eVOLTS 
OBS _A48 sae | | sop 
0B4 .A4a9 B55 | MRGOS. 
OB2- B49 
AS 
/KOPC/ A255 py ees ON NecHaNicaL 
soe a (VV 
| BST READER 
04 .A26 A24 as2 | piver : im / | SOLENOID 
OB6- .A B58 BSI B4 
MRGO 
134 -32 VOLTS 
—6 VOLTS — 
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Figure 4-23. Logic Circuitry for Mechanical Reader, 
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4-35. DESCRIPTION OF E TEST TAPE 


a. 


General. 


(1) 


(2) 


During the E test tape the remaining flip-flop logic will be tested; 
in addition, the E test tape also tests the nixie indicators, con- 
trol panel setup buttons, neon lamps, matrix keyboard, the read and 
write circuitry, and the memory. The E test tape completes the 
testing of the computer using FALT. 


The E test tape begins with the logic tests of AP flip-flop. This 
is the A loop extension flip-flop and since the A loop is used in 
most computer functions there are many logic equations associated 


with AP. Following the logic tests of AP the mode control flip-flop 


(2) 


be simulated to test the logic equation with which they are associated. 


D is tested. The logic tests of C7 and C3 follow the D flip-flop 
tests and complete the logic flip-flop tests. 


Logic Tests. 


Many of the logic equations used to one set flip-flop C3 contain 
input terms commonly referred to as F-lines. These F-lines originate 
from the FADAC control panel (front panel) or some external device. 
The matrix portion of the control panel is the source of F-lines 1 
thru 13. The remaining F-lines enter the computer through connectors 
J010 and JO17. Those F-lines which are not part of the logic for 
flip-flop C3 are contained in the logic for the C7 flip-flop. 


The output lines from the matrix switches S1 thru S8 and SA thru SH 
are "ored" together on the network A circuit boards to form F-lines 
1 thru 7. These “or" diodes are illustrated in figure 4-24, F- 
lines 8 thru 13 are from the battery and weapon type buttons on the 
matrix and are illustrated in figure 4-25. These 13 F-lines together 
with the F-lines from other external devices are then used in the 
logic for flip-flops C3 and C7. The F-lines originating in the 
matrix may be tested by simply depressing the correct combination of 
matrix switches for any desired F-line. For example, F2 is true 
whenever the numbered switches S2, S4, S6, or S8 are depressed and 
F7 is true if any one of the lettered switches SE, SF, SG, or SH is 
depressed. F9 is true when battery button A is depressed. The 
remaining F-lines, those which originate from external devices, must 


The computer shorting cable connected between J010, J016, and J017 


is used for this purpose. In the ninth equation for the one input 


of flip-flop C3, term F15 is simulated using computer circuitry and 


the shorting cable. of 
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4-35. -DESCRIPTION OF E TEST TAPE--Continued 


F2 


F4 
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sD | 
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| = F6 
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| 
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Figure 4-24, Mechanization of F-lines. 
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a — | Fil 
8) : 
Fi2' 
SS 
| |  FI2 
|: . FI3 
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Figure 4-25, Mechanization of C7 Logic Input Utilizing F14. 
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4-35. DESCRIPTION OF & TEST TAPE--Continued 


Fo] 


(3) The test of C3 logic begins in the E test tape at marker 104. The 
test of the second equation for the one input logic of C3 will be 
explained in detail; the explanation may be followed by referring to 
the test tape E program printout. The first test of the second equation 
begins at index 021 in marker 104. The second equation is shown below: 


+ (+ *F1 /TOA/ 
) /0X/ 


According to the instructions preceding marker 104 in the E test 
tape, matrix buttons F and 8 must be depressed before starting the 
SDR. With the depression of any two matrix buttons, the Fl line 
will be true. The output from the matrix is “anded" with /TOA/; 
this output is then “anded" in a testing gate with /OX/. The first 
command in the test of the second equation is OSA. The logic for 
/TOA/ and /OX/ is then addressed completing the second equation. To 
negate the remaining logic equations for C3, flip-flops PS (TD/WI) — 
and El are both one set. Exciter flip-flop E2 is also involved in 
the C3 logic tests and must be zero set. Table 4-25 contains the 
logic for all F-lines except F32 which will be discussed later. 
Following the address for PS, the -18VFT is turned off, a 1 clock 
pulse is generated, and C3 is then one tested. If C3 is one set, 
the second equation has been successfully tested, in addition, Fl 
from the matrix has also been tested. In the following test on the 
E test tape, the second equation is tested again. This test begins 
at index 041, the first command is 1SA, the logic is again addressed 
and the flip-flop is one tested. In this test flip-flops E2 and E4 
were both zero set. E2 was zero set to negate logic and E4 was zero 
set to test for matrix button depression. The FALT exciter flip- 
flops and their uses are explained in detail in paragraph 4-38. 


(4) The E test tape continues by testing the remaining C3 logic equa- 
tions. To test other equations, other matrix buttons must be 
depressed. When the seventh equation is tested, battery button C 
must be depressed for F-line 11. Due to the extensive time which 
would be required to test all] 64 possible matrix combinations al] 
selections are not tested. However, all F-line outputs are tested 
in either the C3 or C7 logic tests. It should be noted, therefore, 
that the matrix is not entirely tested in the E test tape. 


c. (C7 Logic Tests. 


(1) The logic tests of flip-flop C7 begin with marker 107 in the E test 
tape. The F-lines which are not part of the C3 logic are used with 
flip-flop C7. F-lines 2 thru 12 originate in the matrix and are 
tested in the same manner as described in C3 logic tests. The re- 
maining F-1 lines except F32 originate from external devices and 
must be simulated using other computer circuitry. The test of the 
eighth equation which contains an external F-line will be discussed 
in detail. The eighth equation for the one input of C7 is shown below: 


( + *V14/TRC/ (BL6) 
) /0X/ | 
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Term F14 enters the computer on connector JO17 pin HH. The output 
of the gate containing the above terms is "anded" with the term /0X/ 
(tertiary gate) for the eighth equation, as illustrated in figure 4-_ 
26. When the computer shorting cable is connected, the output from 
F21 is used as an input to F14. The input to F21 on JO10 pin /N is 
the output driver of OPL30 which is tied to J010 pin Z. The logic 
for primary gate (OPL3) input to the driver, is composed of flip- 
flops OP1, OP2, and OP3-. The input circuit for F14, when the 
shorting cable is connected, is illustrated in figure 4-26. When 
F14 is to be tested, the logic to turn on driver OPL30 must be 
addressed. The output of driver OPL30 then turns on driver F21 
which simulates input line Fl4. The test of the eighth equation for 
the one-input logic of C7 begins at index 041 in marker 112. After 
the OSA command the logic is addressed. In addition, flip-flops OP1 
and OP2 are one set turning on OPL3. Line F14 should then be "on" 
completing the logic to one set C7. The remaining F-lines in C7 
logic are simulated for testing in a manner similar to F14. The 
computer shorting cable term pin and listing (table 4-8) can be used 
to determine the input circuit for each F-line. The E test tape 
also contains negation tests on term F14 including the input cir- 
cuitry. The diode associated with flip-flop OP1l in the input cir- 
cuit of OPL3 driver is tested during marker 123 beginning at index 
061. In the course of testing the eighth equation, drivers OPL30 
and F21 have also been tested., Driver OPL30 is a discrete output 
driver that is not addressable and is not normally an input to any 
flip-flop logic circuit. Yet the FALT has effectively tested this 
driver along with its input Se 


~e | JOIO. | 
op A22 334 =BI9 B32 B34 -—z2 | 
(OPL3) ~“OPL30 | SHORTING 
ope A23 CABLE 


op3- e235 
-6V 
40 < 
3 JOIO|- N 
_ 85 BI7 
may Ft | 
| JOIO- U 
F2\ SHORTING 
CABLE 
| JOIT 
Toc7 A65 207 B65 HH 
FLIP FLOP iIC7T, FI4 
B64 pj rRcy | 
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Figure 4-26. Input Circuit for F14. 
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4-35. DESCRIPTION OF E TEST TAPE--Continued 


NOTE | 3 
The teletype comes from the factory set at 100 wom. The TTY must 
be converted to 60 wpm for operation with FADAC. The TTY to FADAC 
cable connector is also wired wrong for FADAC operation. Rewire 
the connector as shown in figure 4-27, | 


OPL10-403B40 


Pwr Gnd-137E2 


J-5 TTY 
ARR 80-1237 


Figure 4-27. 537/G Teletype Connection to FADAC. 


J-10 FADAC | 


(2) The last equation for the one input of C7 contains an F-line which 
originates in the computer. The output of the teletype oscillator 
circuit on the network C board is called F32. The normal output of 
the teletype circuit is illustrated in figure 4-27. However, the 
teletype circuit will be under the control of the FALT when the last 
equation of C7 is being tested. Exciter flip-flops £6 and E7 are 
used to control the output of the oscillator for testing purposes. 
The output of E6 and E7 are used to control the output of the oscil- 
lator for testing purposes. The output of E6 and E7 enter the com- 
puter as ET6 and ET7 respectively on connector J015 pins /G and S. 
The last equation is tested beginning with index 081 during marker 
114. Once the logic has been addressed, exciter flip-flop E7 is one 
set, the output from the teletype oscillator gives out a constant -6 
volts as illustrated in figure 4-28. A time delay follows the one 
setting of E7, allowing the oscillator circuit to react to the 
exciter logic that was applied. After the time delay, the -18VFT is 
turned off and C7 is 1 clocked and one tested. In holding the 
oscillator circuit at a constant -6 volts, exciter flip-flop £6 was 
zero set and E7 was one set. When E6 is zero set and E7 is one set, 
term ET6 is false and ET7 is true. These signals are then applied to 
the oscillator circuit on pins B12 and Al5 of the network C board to 
control the output. During the negation test of the F32 diode, the 
oscillator circuit is turned off by reversing the states of the two 
exciter flip-flops. The negation test of the F32 diode occurs during 
marker 130 in the E test tape. It should be noted that the FALT only 
controls the output of the teletypewriter, it has not been dynamically 
tested. 
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Figure 4-28. 
Control. 


d. Nixie Indicator Tests. 

(1) Following the logic tests of flip-flops C3 and 
continues with the nixie indicator tests. In 
and DA flip-flops are used to hold the numbers 


ARR 80-1238 


Teletype Oscillator ‘heed (A) Normal, (B) Under Test Set 


C7, the E test tape 
the nixie display the D 
to be displayed. 


During the normal computer operation the display flip-flops are 


filled from the two-word D loop on the compute 
while testing the nixie indicators, the FALT w 
DA flip-flops. In addition to the display reg 
FALT using the E test tape commands, must also 
driver logic flip-flops. 


r memory. However, 
ill control the D and 
ister flip-flops, the 
control the anode 


The first test of the nixie indicators 


which begins at marker 148 is reproduced below: 


148 DSH and test, zero side. 
B4 


1SA B3 B2 TSO 0OE18 OSA 

| 01 Xi- - 02 T32 TSO ° . 
1SA B6 B3 B2 SO Xl 0£18 

_ DSH - 01 TOP | : ‘ 
1SA B4 Bl TSO Xl O£18 OSA 

- O01 BLI - 02 T32 TSO ° : 
ISA Bb Bl TSO QE18 OSA 1£18 

T32 : : , ‘ . ° 


1£18 — 


1TF DSH 
OSA 1£18 ITF 
1£E18 TF DSH 
ITF DSH . 02 
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(3) 


(4) 


DESCRI° TION OF E TEST TAPE--Continued 


In the nixie indicator display it requires four flip-flops to hold 
the BCD (binary coded decimal) code for one decimal character and 
four decimal characters can be displayed at one time using the 16 
display flip-flops. After addressing the display flip-flops in the 
first test the decimal characters that are held by the D and DA flip- 
flops are as follows: 


BCD D8- D7- Dé DS BCD D4- D3- D2 Di- 
DECIMAL 3 DECIMAL 2 

BCD DA8- DA7- DA6- DAS BCD DA4- DA3- DA2- DAl- 
DECIMAL 1 DECIMAL 0 


To turn on any given nixie indicator both a cathode and anode driver 
are required. The display flip-flops will select the cathode driver 
depending on the BCD code and the quadrant counter composed of flip- 
flops X1 and X2 will control the anode driver. After addressing the 
flip-flops in the first test, anode driver one is rues The logic | 
for AD1 is reproduced below: oo 


AD1 = Xl- X2=- /NXD/ 


The AD1 driver controls the voltage to the last three nixie indi- | 
cators on the right side of the control panel and the first nixie 
indicator to the right of the sign nixie. The logic and circuitry to — 
turn on these four indicators is illustrated in figure 4-29. Both. 
the logic and the cathode driver circuit are on the same circuit | 
board. Each network B circuit board contains one anode driver and 13 
cathode driver circuits. Cathode drivers are also used in the | 
battery and sign nixie indicators and the decimal neons. The F-lines 
from the battery buttons on. the control panel matrix control the | 
battery nixie indicators. | 


In the second nixie indicator test, the display flip-flops hold the 
Same counter; however, anode driver two on the second “bank of nixie | 
indicators will now light. The logic for AD1 and AD2 is similar 
except the X1 flip-flop is one, set in AD2. 


All of the elements of each nixie indicator can be tested by con- 
trolling the display flip-flops and the anode driver logic. 


e. Test of Control Panel Set Up Buttons. 


(1) The eight set up buttons located on the computer control panel are — 
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tested during the E test tape. The outputs from the set up buttons 
enter the computer as SU-lines 0 thru 7. These eight SU-lines are 
then “ored" together on the network A circuit boards to form five 
output lines which are used in the computer logic. In figure 4-30 
the set up buttons and the "or" gates are illustrated. The five 
output lines are: SU, SU-, SUIL, SU2L, and SU3L. Line SU- is true 
(-10 volts) as long as no set up button is depressed. Line SU is 
true whenever any one set up button is depressed. The remaining SU- 
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Figure 4-29, Nixie Indicator Logic Mechanization. 
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4-35. DESCRIPTION OF E TEST TAPE--Continued 
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SUIL 
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Figure 4-30. Set Up Buttons and Asspciated Lines. 
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lines are true depending on which set up button is depressed. With 
the depression of the COMPUTE button, line SU- becomes false (0 
volts), and SU, SUIL, and SU3L, becomes true. When the RECEIVE 
button is depressed, all SU-lines are true except SU-. Since the 
SU-lines are used in the logic for several flip-flops these same 
flip-flops can be used to test the various set up buttons. The SU- 
lines and the Nats equations in which they appear are listed below: 


OD = + /KD1/ (EAKO) *GPH- *SU- TSO 
1IC = (+ /KD1/ *SU 


/TOB/ 
1 0B6 = + /KD1/ *SU3L 
1 OB5 = + /KDI/ *SU2L 
0 OB2 = + /KDI/ *SUIL 


Each of the above equations has been previously tested while running — 
other test tapes. In the D test tape the logic for 0B6, OB5, and 
OB2 was tested including the above equations. In the test of these 


equations the FALT exciter flip-flop El was used to simulate the SU- 


lines. When El was zero set, the SU-lines were true. Therefore, in 
the test of the SU-lines, flip-flop E1 will be one set. In the set 
up button tests the El flip-flop is addressed and one Set. 


The first set up button is ‘tested during marker 216. The instruc- 
tions in TM 9-1220-221-34/5 indicate that the PROG TEST button must © 
be depressed before starting the SDR. With the PROG TEST button de- 
pressed, SU and SUIL, lines are true and the other SU-lines are | 
false. Line SUIL is used in the logic for OB2 flip-flop and SU is 
used with the IC flip-flop. Therefore, when the PROG TEST button is 
depressed the other logic is true, OB2 should zero set and IC should 
One set. The remaining SU-lines are false and should not affect any 
of the computer flip-flops. In order to both one set IC and zero 

set 0B2, the BSC command will be used to provide the necessary 1 and 


0 clock pulses. 


The test of the first set up button can be followed by ataenind to 
TM 9-1220-221-34/5 at marker 216. The first command, OSA, is fol lowed 
by the one setting of T0, D, E1, OB2, and TSO. Once these flip- 

flops are set, the logic to one set IC and zero set OB2 is true, 
providing the PROG TEST button is depressed. The next. command turns 
off -18VFT. This is then followed by the BSC command and the flip- 
flop addresses. To one set IC a 1 clock pulse is required and to 


zero set 0B2, a 0 clock pulse is needed. Therefore, the BSC command 


is used in this test. Since SU and SUIL, are the only lines true at 
this time, the 0B6, 0B5, and D flip-flops should not change state 
when they are addressed after the BSC command. Once the flip-flops 
are addressed after the BSC command, the -18VFT is turned on and the 
FALT one tests IC and D and zero tests OB2, 0B5, and 0B6. Flip-flop 
IC was zero set by the OSA and its logic was addressed so it should 
one set with the clock pulse. Flip-flop OB2 should zero set when 
clocked and flip-flops D, 0B5, and 0B6 should not change states when 
clocked since their logic is false. If no errors are detected by 
the FALT when the flip-flops are tested it can be assumed that the 


‘ correct SU-lines are true when the PROG TEST button is depressed. 
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DESCRIPTION OF E TEST TAPE--Continued 


The E test tape continues by testing the SU-lines for each set up 
button. The last button tested in the E test tape is the RESET 
button which is not a true set up button since it does not affect 
any of the SU-lines. The output from the RESET button, however, 
does affect several flip-flops. The RESET button is used to reset 
an overflow or parity error. An overflow or parity error occurs 
whenever OFLO of PE flip-flops are one set. Therefore, the RESET 
button whose output is known as *ER is used in the zero input logic 
of these flip-flops. In addition, *ER is used in the zero input 
logic of the D flip-flop; it follows then that the OFLO, PE, and D 
can be used to test the RESET button. The RESET button is tested in 
the E test tape during marker 224, | | 


f. Test of Control Panel Neon Lamps. 


(1) 


The neon lamps located on the computer control panel are tested in 
the E test tape beginning with marker 226. Following marker 225 the 
POWER READY indicator on the control panel should be on because the 
PS flip-flop was zero set with the last OSA command in marker 225. 
The POWER READY indicator should flash when the MARGINAL TEST switch 
is placed in any one of its ON positions. By placing the switch on, 
the output from the 10-Hz oscillator called MOSC on network C board 
is tied to the POWER READY neon driver circuit through the MARGINAL 
TEST switch S1 on the control panel. In figure 4-31 the POWER READY 
incator circuitry is illustrated. 


| C 
*WI(PS-) BEI POWER READY ( 0S4 
_MOSC FROM MARGINAL B63 403 ; B 
TEST SWITCH fase 
OPEN A64, A65 | 
| NE4 
$1382 
a 
= 
Parity | D0S6 
B 
pe @ B58 
B59 
MOSC | 
ARR 80-1241 
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Figure 4-31. Power Ready Lamp and Parity Lamp Circuitry. 
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(2) During normal computer operation the PARITY indicator is on except 


when the PE flip-flop is one set by a parity error at which time the 
PARITY indicator will flash. To test the PARITY indicator to ensure 
it flashes, the PE flip-flop need only be one set. The output from 


PE is “anded" with MOSC (10-Hz oscillator) at the neon driver circuit 


gate. In figure 4-31 the PARITY indicator circuit is illustrated. 
In normal operation PE is zero set, making the driver input gate 


false; the PARITY indicator is on and not flashing at this time. 


When PE one sets, the PARITY indicator begins to blink since the 
neon driver circuit will now oscillate due to MOSC. The PARITY and 
ERROR indicators are tested during marker 229 when PE and OFLO are 


both one set. Several negation tests ("and" tests) are also performed 


during the same marker when flip-flops 0B3, OP1, K, and CLC are 
addressed and one set. When K is one set, the IN-OUT indicator 
should be off; CLC should turn off the COMPUTE indicator and, the NO 


SOLUTION indicator should not be flashing since OP2 is zero set. 


Several negation tests are also performed on the logic for the 
KEYBOARD indicator at the end of the neon lamp tests. 


}. Keyboard Testing. 


(1) 


(2) 


(3) 


The keyboard is the last input device to be tested in the E test 
tape. The outputs from the keyboard and the mechanical reader are 
tied together in the control panel to form a single input to the 
computer. The SM (sample matrix) and RECALL keys on the keyboard 
were tested during the set up button tests earlier in the E test 
tape. The output from the keyboard is in eight-level field data 
code which is fed to the input register composed of the D flip- 
flops. The flip-flops in the input register are used to test the 
keyboard. 


The test explanation may be followed by referring to the test tape E 
program printout beginning with marker 237. In the first test, the 
0 key is tested and must be depressed once the tape reader has 
started. With the depression of the 0 key, the eight I-lines from 
the keyboard are in the following configuration 00110000. A zero 
indicates that no voltage is on the corresponding I-line while a one 
indicates -10 volts. 


With the first command on tape, the D flip-flops are all zero set; 
the flip-flops for the input/output mode and keyboard are then ad- 
dressed. The zero-set E18 and 1SA command follow, allowing the out- 
put from the keyboard to set the D flip-flops. After several 
seconds the FALT begins to test the D flip-flops which should be set 
according to the keyboard output. In the first test, all I-lines 
were false except I-lines 5 and 6. Therefore, all of the D flip- 
flops should be false except D5 and D6. Each key is tested in the 
Same manner. The plus (+), minus (-), decimal (.); ENTER and CLEAR 
keys also output a field data code. 
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DESCRIPTION OF E TEST TAPE--Continued 


Write Switch Tests. 


(1) There are 24 write switches located on the two write switch circuit 


(2) 


boards in the computer. These write switches may be divided into 
three groups. The first group of eight write switches controls the 
center taps of all write heads in main memory. The second group of 
eight write switches controls the writing of ones in memory; the 
third group of eight controls the writing of zeros. The write heads 
and switches for main memory are illustrated in figure 4-32. In | 
writing zeros in channel 000 it is necessary to turn on the write 
Switch for the center tap, the write switch controlling the prime or 
zero side of channel 000 write head and to one set write flip-flop 
MWO. The 24 write switches used for channel selection are all 
addressable (see table 4-14) and are tested in the E test tape 
beginning with marker 252. 


1ca30/ 434 WRITE | 434844 
co - 54 
Mwi 434B45 
JOI3/Y 
B62 WRITE 
/C760/ | Switcu|434458 | woo 
resa-/ AS woo - 
+15V 
434457 
JO13/Q 
WRITE 1434 
7c430/ AS% Sco Aalahe 
co - ASS 
MWwO . B52 
JOI3/Z 439A4 ARR 80-1242 


| Figure 4-32. Write Switch Testing. 


In normal computer operation the storage selection switch located on 
the inside of the computer is used to determine the number of main 
memory channels that are active or hot. It is impossible to write | 
into those channels which have not been activated by the storage 
Switch. The storage switch controls the number of channels which 
are activated by controlling the +35 bias voltage used in the write | 
Switches. Thirty-five volts are used as the bias voltage for the 
base of the final transistor stage in each write switch. When the 
FALT is connected to the computer and the WR SW switch on the FALT 
front panel is placed in the ENABLE position all main memory chan- 
nels are activated for testing purposes. When the computer memory — 
is to be loaded from the SDR all channels again must be activated. 
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(3) Center tap write switch CTB1 is the first switch to be tested in the 
E test tape. Logic drivers /C760/ and /C5SA/ make up the logic for 
CTB1 switch and both of these drivers were tested in the B test 
tape. The test explanation of CTB1 may be followed by referring to 
the test tape E program printout. After the OSA command in the 
first test of marker 252, the logic for CTB1 is true; the 1TA 
command then follows and CTB1 is addressed and tested. The 1TA 
command is used to test the write switches since they are address- 
able and are directly connected to the FALT. With the logic true 
the normal output of switch CTB1 is a positive voltage of about 15 
volts. Before this positive output voltage can be used by the FALT 
‘error-sensing circuits, it must be converted to a negative voltage. 
This is accomlished by the write switch conversion amplifiers located 
on the network D and E boards in the FALT. To ensure voltage from 
the center tap write switches is positive, the main memory write 
flip-flops MS1 and MWO are both zero set since their one-set outputs 
are connected to the center tap write switches through the write 
heads. If CTB1 is turned on in the first test, no error is detected 
by the FALT and the next test which is also a one test follows. The 
third test of the switch is a negation test. After addressing the — 
logic, driver /C760/ is false and the switch which should also be 
false is zero tested using the OTA command. In the test tape E 
program printout following the third test of CTB1 the terms MSUO and 
C760 appear. These terms indicate that the diode associated with 
driver /C760/ in gate MSUO is under test. Altnough term MSUO does 
not appear in the computer wire list (TM 9-1220-221-34/6) it is the 
logic term used to describe the "and" gate formed by the logic 
drivers /C760/ and C5A-/ on write switch circuit board. This "and" — 
gate is the input gate for write switch CTB1 and is effectively 
tested when the write switch is tested. The diode associated with © 
/C5A-/ is tested in the fourth and final test of CTB1 in marker 252. 
The remaining center tap write switches are tested in a Similar 
manner. 


(4) The test of write switch SS1 begins at marker 255. This write 
Switch controls the writing of ones in eight different channels. 
Therefore, in testing SS1 there are eight separate tests performed. 
In the first test of SS1 the center tap write switch CTB1 is turned 
on by the OSA command and the +15-volt output from CTB1 is present 
on the center tap of channel 000 write head as illustrated in figure 
4-32. The logic for SS1 is also true, and if SS1 turns on, the +15 
volts will be present on the output line to the FALT from the SS1 
write switch. This voltage is used to indicate that SS1 is turning 
on; it is tied to the FALT through J013 pin /Y. In each set of SSI 
a different center tap write switch is turned on to test each write 
head that is associated with SS1. All main memory write heads and 
memory connecting plugs can be tested for continuity by using this 
method of testing write switches. 
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DESCRIPTION OF E TEST TAPE--Continued 


i. Main Memory Write Flip-Flop Tests. 


(1) The main memory write flip-flops MW1 and MWO are located in circuit 


(2) 


je 


boards 437 and 439. The one-set output from the main memory write 
flip-flops feed eight “or" diodes. The “or" diodes on the one-set 
Output of MW1 are then tied to the eight write switches SS1 thru 
$S$15. When writing into the memory, the +15 volts from the center 
tap write switch is tied to the one-set output of MW1 through the | 
write head, the SS write switch, and the "or" diode. When +15 volts 
is tied to the one-side output of MW1l and the flip-flop is one set, 
the FOT line is false and the flip-flop can be one tested. To one 
test either main memory write flip-flop it is necessary to activate 

a write head by turning on a center tap write switch and an SS write 
Switch. When 15 volts is not present on the one side output of the 
main memory write flip-flop, the FOT line output is about -3 volts 
and there is an error indication on the FALT when the flip-flop is 
one tested. If one of the eight "or" diodes tied to the output of 
either main memory write flip-flop is open, an error indication wil] 
appear during the logic test of that flip-flop. Therefore, before 
beginning the logic tests of MW1 and MWO the eight “or" diodes on 

the output of each flip-flop must be tested. These diodes are tested 
in the E test tape beginning at marker 280. The test explanation may 
be followed by referring to the test tape E program printout. 


After the OSA command in the first test, write switches CTB1 and SS1 
are both on and +15 volts should be present on the output of MW1 
nroviding the first "or" diode on pin A4 of board 437 is conducting. 
Write flip-flop MW1 can now be one set and one tested. The same 

diode is checked again in the second test. However, the center tap 
write switch CTB8 is now on together with SS1. After CTB8 is turned 
on, MW1 is one set and one tested completing the test of the first "or" 
diode. Each diode is tested in the same manner. In testing the second 
"or" diode, SS3 must be turned on. To test the third diode SS5 must 
be turned on. Once the eight "or" diodes for each main memory write 
flip-flop are tested the E test tape proceeds with their logic tests 
beginning at marker 284. The logic tests of the main memory write 
flip-flops are the same type of tests performed on logic flip-flops. 


Read Switch Tests. 


(1) There are 66 read switch circuits located on the eleven read switch 
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boards in the computer. There are 64 channels in main memory. | 
Therefore, only 64 read switches are used. The read switch circuit 
is tied directly to the memory read head which is constantly reading 


information as the memory rotates. However, no information flows 


from the read switch until it has been activated by computer logic. 
There are two types of information words in the computer memory, the 
number word and the program word. Since two different types of 
words exist, there are two different sets of logic to activate any 
one read switch. I1]lustrated in figure 4-33 is the read switch for 
channel 000. When a program word is to be read from channel 000 the 
"and" gates CPUO and CPLO are true; information will then flow from 
the read switch to the read amplifier circuit board. 
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Figure 4-33. Channel "000" Read Switch Circuitry. 


(2) The read switch test beginning at marker 296 is divided into two 
sections. In the first section each read switch is addressed and 
tested using logic associated with the reading of a number word. In 
the second section the read switches are again addressed and tested, 
this time using logic associated with a program word. The ON flip- 
flops are used to select the read switch when a number word is to be 
read while the CP flip-flops select the switch when a program word 
is to be read. During read switch testing, the FALT exciter flip- 
flops are also involved in selection. The read switch for channel 
000 is turned on to read a number word by "and" gates (CNUO) and 
(CNLO) as shown in figure 4-33. The “and" gates (CPUO) and (CPLO) 
will also turn on this read switch if a program word is to be read. 
The logic for these "and" gates is illustrated in figure 4-34. | 
Logic gate (CNLO) is true when flip-flop CN2, CN3, and CN4 are zero 
set and when term EM5 from the FALT is true. Term EM5 is an “and" | 
gate wnose inputs are exciter flip-flops £1, E2-, and E3. The "and" 
gate (CNUO) is composed of the CN flip-flops and exciter flip-flop 
E7. To turn on the read switch for channel 000, the CN flip-flops © 
must all be zero set and the exciter flip-flops must also be pro- _ 
perly set. The FALT, by using the exciter flip-flops, can accurately 
control the read switches even when the computer logic is defective. 


(3) The first read switch test in marker 296 is reproduced below: 


OSA £7 £3 E1 E4 1TA MNF 


4-69 


TM 9-1220-221-34/1 
4-35. DESCRIPTION OF E TEST TAPE--Continued — 
OPEN AI7 


ET A4Il 
CP5— A40 


E7 Als 
CNS- AIS9 
CP6- A46 


B20 cCNUP CP7- A44 


CN6- A20 


CN7- 819 


EMS Aé4i 


EMS A4| 
CN2- A40 : | CP2- A40 - 
40! 
CN3- 46 CP3—A46 
CN4 A44 A38 CNL@. CP4—A44 A38 CPLO. 


ARR 80-1244 


Figure 4-34, Read Head Logic. 


(4) The CN flip-flops are all zero set by the initial OSA command. The 
| E7 term in the FALT is then one set, making gate (CNUO) true. After 

the E3 and El flip-flops are one set, term EM5 is true and gate 
(CNLO) will be true. Once the "and" gates are true the read switch 
for channel 000 should be on. The output from-the channel 000 read 
Switch is then fed to the emitter-follower circuit on the read amp- 
lifier board as shown in figure 4-33. The output from the emitter- | 
follower feeds the threshold circuit and transistor amplifier cir- 
cuit which is used to test the read switch. The collector of the 
transistor is tied to the FALT through connector J013. When the 
read switch is on, term MNF is true and no error is detected in the 
FALT. In the first read switch, test exciter flip-flop E4 was also 

one set to ensure that only the read switch for channel 000 was 
addressed. In the second section of the read switch tests when 
channel 000 is tested for a program word the CP's are set and term 
MPF from the other read amplifier board is addressed thus testing 
the read switch for program operation. Negation tests of the read 
Switch diodes are also performed in the E test tape; for the number 
word operation these tests begin at marker 313. Each read switch is 
tested by addressing the computer logic and the Sa FALT 
exciter flip-flops, then testing terms MNF or MPF. 


k.. Memory Tests. 


(1) The last portion of the E test tape is devoted to testing the com- 
puter memory. Each channel in main memory is tested. In addition, 
the channel containing the eight recirculating loops is also tested. 
The explanation of the test of channel 000 may be followed by refer- 
ring to the test tape E program printout at marker 346. The first 
command in the tape is OSA. With this command, write switches CTB1, 
SS1, and SS2 are on, thus selecting the write head for channel 000. . 
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Once the exciter flip-flops E7, £4, E3, and El are one set, the read 
Switch for channel 000 is on. The FALT strobe control flip-flop E5 
1s then one set, allowing the FALT to control the main memory read 
flip-flops. MWO is then one set and zeros are written into memory 
during the time delay. The OSF command then follows, and the read 
flip-flops are zero set; MWO is also zero set along with £5. With 
E5 zero set, the strobe output from the network C board is a constant 
negative voltage of about 10 volts; this will allow signals from the 
read switch to set the read flip-flops. Flip-flop MW1 is then one 
set and a time delay follows while ones are written into channel 000 
of the memory. As the gemory rotates, the ones are read by the read 
Switch and the main memory read flip-flops should both one set. The 
FALT then one tests the read flip-flops. If channel 000 is defective, 
the read flip-flops will not be one set and an error will be detected. 
MW1 is then zero set and MWO is one set. A time delay follows while 
zeros are written into memory. The read switch should then begin to 
read the zeros and zero set the main menor read flip-flops which 
are zero tested by the FALT. 


(2) In the test of a memory channel, the channel is first cleared or 

zeroed; ones are then written and the read flip-flops are tested. 
The next Step is to write zeros and again test the read flip-flops. 
Each channel, therefore, is teSted for writing both ones and zeros. 


(3) The E test tape continues by testing the remaining channels in 
memory. Since the logic for each channel is different, the flip- 
flops which are addressed for each test will differ. In testing 
channel 002 flip-flops CN2, CP2, and C2 must be one set to select 
the read and write circuitry for channel 002. The recirculating 
loops or registers are tested during marker 378 in the E tape. The 
loops are tested for both ones and zeros. When the two 16-word 
loops are tested the intermediate read flip-flops are tested in 
addition to the read flip-flops located at the end of the loops. 


4-36. pees F1T and FOT RESPONSE LINES 


Computer flip-flop circuit outputs are sensed in the FALT eheoush the FIT 
(flip-flop 1 test) and FOT (flip-flop 0 test) lines. Every flip-flop circuit 
is connected to both an F1T and FOT line through "or" diodes located on the 
flip-flop circuit board. ‘For example, the one-set output of flip-flop DA5 is 
connected to the F1T1 line through “or" diode CR43 and the zero-set output is 
connected through "or" diode CR80 to FOT] line. The flip-flop circuits 
located on board 230 thru 240 are tied together to form F1T1l and FOT1 lines as 
shown in figure 4-36. Lines F1T1l thru F1T7 feed the seven "or" diodes on 
circuit boards 101 and 433. The outputs from these two "or" gates are tied 
together to form a single one test response line known at F1T which is con- 
nected to the FALT through the red FALT cable. Before any flip-flop circuit 
can :be one or zero tested it must be addressed by the FALT and since only one 
flip-flop circuit can be addressed at any given time only one response line is 
required for one testing and one line for zero testing. 
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FLIP-FLOP ADDRESS AND RESPONSE LINES 


General. All computer flip-flop circuits including read and write 
flip-flops may be set and tested using the address and response lines. 


Specific Testing. 


(1) 


B24 


832 
B28 


820 


B38 


B4 


eo) 


aj Sa CR44 
R52 
Ane CR48 er 5 


“1” IN 


Two conditions are required to one set or zero set any flip-flop. 
First a true signal (-6 volts) on the one or zero set input line and 
second a 1 or 0 clock pulse. Assume the flip-flop in figure 4-36 to 
be zero set and a true signal (-6 volts) to be present on pin B40 
the one-set input line. When a 1 clock pulse is applied to diode | 
CR46 the flip-flop will one set. It is also possible to one set 
this flip-flop using the DU/DL address lines. By applying -6 volts 
to the DU/DL address line, pins B37 and B34 the address gate com- 
posed of diodes CR60 and CR63 will be true and -6 volts will be 


present on the one set input line via diode CR35. Bias voltage for 


CR35 is supplied from the -18 volt test voltage (-18VFT) on pin B24 
through resistor R13. The flip-flop will one set with a 1 clock 
pulse. — | 
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Figure 4-35. Flip-flop Address and Response Lines. 


(2) 


(4) 
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Once the DU/DL address gate is true, it is also possible to zero set 
the flip-flop because -6 volts or a true input signal is also present 
on the zero-set input line of the flip-flop through diode CR89. 
However, when zero setting a flip-flop a 0 clock pulse is applied 


through CR78. By utilizing the DU/DL lines the FALT can control the | 


state of every flip-flop circuit in the computer. 


Any flip-flop circuit in the computer can also be one or zero 
tested by the FALT. Assume the flip-flop in figure 4-35 to be in 
the one-set state. When the flip-flop is one set, -6 volts will be 
present on the one-set output line of the flip-flop. Diode CR52 is 
fed by the flip-flop; diode CR48 is fed by the DU/DL address gate. 


These two diodes form the response line gate wnose output is true 


when the flip-flop is one set and the DU/DL address gate is true. 
Bias voltage for the response line gate is provided through resistor 
R18. The FALT senses or tests the output of the flip-flop circuit 
through the FlT-line diode CR44. For a complete description of the 
computer F1T and FOT lines, refer to paragraph 4-36. The flip-flop 
is zero tested in the same manner except the FALT senses through the 
FOT line. 


The DU/DL ‘ines and the -18 volt test voltage originate in the FALT; 
the 1 and 0 clock pulses, however, are controlled by the FALT. | 


FALT EXCITER FLIP-FLOPS 


General. There are eight exciter flip-flops located in the FALT. 
These flip-flops are connected to the computer through the FALT cables 


and are used to simulate or control] various logic terms for testing 
purposes. 


Specific Use of Exciter Flip-Flops. 


(1) 


The use of each exciter flip-flop while logic testing is outlined in 
table 4-10. In the first column, at the left, the exciter flip-flop 
is listed; the connector and pin is listed in the second column and 


the computer term that the exciter flip-flip is simulating or — 


controlling is outlined in the third column. The last column is a 


_ description of the use of the exciter flip-flop. Table 4-10 con- 


tains only the use of the exciter flip-flops while logic testing the 


computer. When the read circuitry and memory are tested, the exciter 


flip-flops are used in a different manner. In testing the read 
circuitry each "and" gate used in the read head selection contains 
one exciter term. The “and" gate (CNLO) contains exciter term EM5. 
If the exciter term is false, the read head selection gate will also 
be false. Term EM5 is an "and" gate located in the FALT composed of 
flip-flops E3, E2-, and El. Contained in table 4-11 are the exciter 
terms that are used while testing the read circuitry and memory. 


When testing the computer using the control box it is sometimes 
necessary to address and set the exciter flip-flops. When an 
exciter flip-flop is one set, the corresponding indicator on the 


~ FALT front panel will light. The exciter flip-flop DU/DL address is 


listed in TM 9-4931-204-34/1. 
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4-38. FALT EXCITER FLIP-FLOPS--Cont inued 
| Table 4-10. FALT Exciter Flip-flop 


Exciter Cable Computer 


term and pin — tem Remarks 
El J12/Z GPRC- The one output of £1 is used to simulate 


computer term GPR- when logic testing 
mode control flip-flops E and K. 


El- J12GG ESU The zero output of £1 simulate SU-lines 
when testing flip-flop logic; with E1 
zero set, all SU-lines except SU- are 
true for testing purposes. El- is also 
used as the I-line input when Dl is 
tested in the D test tape. 


E2 JI2AA OPE E2 simulates term OPE when output 
driver D100 thru D800 are tested. These 
Output drivers are tested when they are 
used to simulate other terms; D200 is 
used as I4G when D4 is tested. 


| E2- J12HH FH The zero output of E2 is used as term 
FH when zero input logic of K is tested. 
ES J12BB FB E3 simulates input terms FB, FBPR and 


FBCP in the CP6 logic tests. These in- 
put terms are used by an external in- 
put device to indicate to the computer 
that information is about to be read. 


E3- Jl2Jdd FBH The zero output of E3 is used as term 
FBH when the zero input logic of K 
flip-flop is tested. 


E4 J12CC EER E4 simulates terms ER when PE and OFLO flip- 
7 | | flops are tested and CTT when CP7 is tested. 
E4- —J12KK Fl Matrix F-line test; if two matrix but- 


tons are not depressed £4 will] indicate 
an error when zero set. 


E5- J12DD Ce Timing control prime; E5 is used tosimulate 
| this signal when testing flip- flop logic. 


E5- J12/Q FSC-  FALT strobe control; E5- 1s used to con- 
| trol the strobe pulse while testing memory. 
E6 J15/6 ET6 E6 controls the output of the teletype 
| | oscillator when F32 is tested. 
E7 -J15S | ET7 E7 controls the output of the teletype 


oscillator when F32 is tested during 
the C7 logic tests. 
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Table 4-11. Exciter Terms Used in Read Selection 


Exciter Cable 
term Logic and pin Gates 
EM2 F3- £2 €1 J12/S (CNL1) (CNL6) 
(CPL1) (CPL6) 
EM3 £3- £2 €1 J12/T (CNL2) (CNLS) 
(CPL2) (CPLS5) 
EMA £3 £2 €E1- J12/U (CNL3) (CNL4) 
(CPL3) (CPL4) 
E6 F3 £2 €E|1- J12EE (CNLO) (CNL7) 
_ (CPLO) (CPL7). 
EM6 E3 £2 €El- J12/W (CNX) (CPX) 
E4- 912/x (CNU2) (CNUS) 
(CNU2) (CNU5) 
EMS J12/V (CNU1) (CNS4) 
(CNU1) (CPS4) 
E7 J12FF (CNUO) (CNS3) 
(CPUO) (CPS3) 
EM7 E8 J12/W (CNU4) (CNSS5) 
(CPU4) (CNS5) 
4-39. PROBABLE ERROR FROM FALT FRONT PANEL INDICATION 


Basically the FALT addresses and tests logical terms in the computer. 

A DU (upper address) and a DL (lower address) selects the term to be 
set or tested. The F1T (flip-flop one test) line and FOT (flip-flop 
zero test) line are then monitored. If the voltage output on the F1T 
and FOT lines are correct, the test passes and another term is ad- 
dressed and tested. This process is continued until all terms have 
been tested. The test indicators 1TF and OTF indicate the test being 
performed. The 1SF and OSF indicators indicate that a particular flip- 
flop is to be set up either the one-set or the zero-set state. The Fl 
and FO indicators indicate the output from the F1T and FOT lines from 


the computer. When a test tape has stopped because of a malfunction in | 


the computer, the TEST ERROR indicator in the FALT will flash. This is 
a result of the F1T and FOT lines inputting incorrect voltages to the | 


FALT threshold amplifiers. When a logical term is being one set or one 


tested the FlT-line should be -6 volt level and the FOT-line should be 
at the 0-volt level. When a logical term is being zero set or zero 
tested the FOT-line should be at a -6-volt level and the FlT-line 
should be at a O-volt level. 


4-75 


TM 9-1220-221-34/1 | 


4-39. 


d. 


4.76 


PROBABLE ERROR FROM FALT FRONT PANEL INDICATION--Cont inued 


NOTE 


If the lines have the correct voltages on them, the TEST ERROR 
indicator will not Flash and. the Fl and FO indicators will not 
light. 


. When a test tape has seeped and the TEST ERROR indicator is flashing, 


the FO and Fl indicators will indicate the type of malfunction that 
— caused the error. 


If the logical term was to be one set or one tested and the ERROR in- 
dicator flashes, the FO and Fl indicators will be in one of the four 
following configurations. 


(1) 


Neither the FO nor the Fl indicator is lit. This indicates a shorted 
output from the particular term or a shorted output to the F1T line 
or open F1T diode. See paragraph 4-40 for procedure to locate and 
correct malfunction. a 


Both FO and Fl indicators are lit. This indicates that the FOT line 
which is supposed to be at 0 volts is -6 volts or an open DU/DL 
diode. See paragraph 4-41 for procedure to locate and correct mal - 
function. 


The Fl indicator is lit; the FO indicator is not lit. The FOT-line 
which is supposed to be at 0 volts is at some potential between 0 
and -6 volts. See paragraph 4-42 for procedure to locate and cor- 
rect malfunction. | 


The FO indicator is lit, the Fl indicator is not lit. This indi- 
cates a logical error to the input of the circuit board or a faulty 
circuit board. See paragraph 4-43 for procedure to locate and 
correct malfunction. 


If the logical term was to be zero set or zero tested, the configura- 
tion would be as follows: 


(1) 


Neither the FO nor the Fl indicator is lit. This indicates a shorted 
output to that particular term, a shorted output to the FOT line or 
open FOT diode. See paragraph 4-40 PROP Enens to locate and correct 
malfunction. 


Both the FO and the Fl indicator are lit.. This indicates the F1IT- 
line which is supposed to be at 0 volts is at -6 volts, or DU/DL 
diode is open. See paragraph 4-41 for procedure to locate and 
correct malfunction. 


The FO indicator is lit; the Fl indicator is not lit. The F1T-line 
is supposed to be at 0 and -6 volts. See paregeeps 4-42 TOE proce- 
dure to locate and correct malfunction. | 


The Fl indicator is lit; the FO indicator is not lit. This in- 
dicates a logical error. See paragraph 4-43. , 
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PROCEDURES IN TROUBLESHOOTING WHEN FO AND Fl INDICATORS ARE NOT LIT 
AND ERROR INDICATOR IS FLASHING 


patenniné the test being conducted by cross-referencing the marker 
index number in the test tape program printouts. The term being one or 
zero tested is now known. Use tables 4-13 thru 4-15 to find the 
particular board location of the term being tested and its output pin; 
use the one side if being one tested, zero side if being zero tested. 
Replace that board and rerun test tape. If error is still present, use 
T™ 9-1220-221-34/6 and look up that particular term. There will be a 
list of all circuit board connector pins connected to that output. 

Pull out each of the boards listed, one at a time, except the board 
that the term is located on until the test error lamp stops flashing. 
If this does not correct the problem, carefully examine each one of the 
board and pins listed for that term. If this does not locate the prob- 
lem, use an ohmmeter to determine which lead(s) is shorted to ground. 


NOTE 
For clarity it will be assumed that a one test is being con- 
ducted. 


If the -6 volts is present at the one output pin, FlT-line circuitry is 
defective. Referring to the appropriate schematic, find the F1T output 
pin. Using a voltmeter, check that -6 volts is present at that pin. If 
not, again referring to the schematic check the input to the DU and DL. 
input terms. If DU or DL term is not present as represented by -6 volts 
at each pin, there is a short at that pin. Locate it using component 


~ list (TM 9-1220-221-34/7) and ohmmeter. If DU and DL input terms are 


correct then one of the FlT-lines is defective. Using the component 
list (T™ 9-1220-221-34/7) look up the board and pin number of that 


particular FlT-lineé. Assume that when that board and pin are referenced | 


FlTl-Line is indicated. Using the wire list (TM 9-1220-221-34/6) look 


up F1T1. Replace each of the boards except that board being tested 


until the short is removed (-6 volts is present). If this does not 


correct the problem carefully examine each one of the pins listed for 


that term. If this does not locate the problem use an ohmmeter to 
determine which lead(s) is shorted to ground. 


If both F1Tl and output are true, replace boards 101, 433, and 434, 
These boards contain the "or" gates whose outputs are F1T and FOT. 
(Refer to fig. 4-36). In this example F1Tl is an input term to board 
101 pin A2 as found by referencing term F1Tl in the wire list. The 
Output of this "or" gate referencing the schematic of the power control 
C board is on pin Bl (F1T). By using a voltmeter and/or an ohmmeter and 
the wire list, the pin can be detected and corrected. 


PROCEDURE FOR TROUBLESHOOTING WHEN FO AND Fl INDICATORS ARE BOTH LIT AND 
ERROR INDICATOR IS FLASHING 
Continue running test tape until only one light is lit. 


Replace board indicated in the tape listing. 
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4-41, PROCEDURE FOR TROUBLESHOOTING WHEN FO AND Fl INDICATORS ARE BOTH LIT 
AND ERROR INDICATOR IS FLASHING--Cont inued | | 


101 hel | 
DAS CR43 B32 - iol fae | | Ol g JOIS 
DA4 _ 30 FiT1 i FAT A 
a AI 
D B32 7 : | 
FiT 
CR7 23! ane iol B2 
084 232 FiT 3 
B! 232 | 433 B25 | 433 933 
CL2 832 
CRS 233 
CP6 932 
cp2 234 
Pp B32 
D6 235 
N4 2 
CPFS 237 
CFS B32 
CNS 2568 
LP B32 | 
AC 239 . io| 64 87 : JO0IS 
07 B32 FOTI 101 FC 8B 
CN6 240 ar AS 
? iO! ae 
FOT3 : 
434 825 434 a33 
FOT4 Asa: nos 
FOTS 
4 A40 | 
FOT6 | , 
434 B39 
FOT? ARR 80-1246 


Figure 4-36. Computer F1T and F@T Response Lines. 


- 4-42, PROCEDURE FOR TROUBLESHOOTING WHEN ONE SET OR ONE TEST COMMAND HAS BEEN 
EXECUTED AND F1 IS ON AND ERROR INDICATOR IS FLASHING 


Follow the same procedure as above. Replace board indicated in tape listing. 


4-43. PROCEDURE FOR LOCATION AND CORRECTION OF LOGIC MALFUNCTIONS IN THE 
COMPUTER 


a. No absolute step-by-step procedures will be given. The method of 
approach will be given in the form of an example. The example given is 
based upon a typical test tape listing from TM 9-1220-221-34/2. It is 
possible that in the future, minor changes in logic may appear but the 
listing will be similar in format. 


b. To analyze and correct malfunctions the list of logic equations must be 
used (TM 9-1220-221-34/1/1). In addition, the following TM's must be 
available. 

(1) TM 9-1220-221-34/2, test tape B program printout. 


(2) TM 9-1220-221-34/3, test tape C program printout. 
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(3) 1M 9-1220-221-34/4, test tape D program printout. 


(4) TM 9-1220-221-34/5, test tape E program printout. 
(5) TM 9-1220-221-34/6, wire list. 
(6) 1M 9-1220-221-34/7, component list. 


™ 9-1290-221-34/1' 


If the control box C-4020 is available, it offers the following ad- 


vantages in malfunction isolations. 


(1) It verifies that the test tape has not been misread and that the 
error is legitimate. 


(2) It saves the time necessary to back up and rerun the test tape. 


(3) It permits the maintenance man to directly address a particular 
flip-flop, logic driver, etc at the generating board. 


However, this 


measurement by the FALT is taken at that particular board and does 


not detect broken wires, poor solder connections, and defective 


diodes in other logic circuits where the addressable term is used. 


box. 


MALFUNCTION ISOLATION 


AB test tape has been placed in the SDR and run. 
indicating a malfunction in the computer. 


the FALT is 692 007. 


| NOTE 
Refer to TM 9-4931-204-34/1 for operation and use of the control 


The tape has stopped, 
The MARKER INDEX READOUT on 


The operator must now consult the technical manual corresponding to the 


tape used in the SDR. 


cal manuals is. given below. | 


0E18 
E 


MP 


XP and test, zero side. 


02 


OSA. 
K MP 
CL4 ® 
0E18 OSA 
‘ 03 IX- 
MP XC 
KB K 
K MP 
. 01 KB 
XC IX 
KB K 
0E18 OSA 


1£18 


ITF 
0E18 
04 XC- 
1£18 
0£18 
1X 
K 
0£18 
1£18 


An example of the listing from one of the techni- - 


Te XP 
02 E- 
ITF xP 
1£18 1TF 
e 04 XC- 
1TF xP 
. 04 KB 
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MALFUNCTION ISOLATION--Cont inued 


Observe that the marker number is 692. The operator selects the marker 
number corresponding to the readout. Counting commands after the marker 
number, 1SA, E, 0£18, OSA, 1E£18, 1TF, and XP counts to 007 corresponding to 
the index number 007 displayed in the readout. The operator then knows the 
fol lowing: 


(1) The tape stopped when flip-flop XP was being tested for one state. 


(2) It is apparent that XP did not remain in the one state as it should 


have since it was previously one set during the one set all (1SA) 
command, hence an error occurred and the tape stopped. 


Reading across, the action which has taken place up to the point of 
failure (index 007) is as follows: one set all (1SA) was given to 
place all flip-flops in the machine in the one state. This command is 
automatically followed by zero set the following (OSF) generated internally 
within the FALT. The flip-flop symbols which follow the internally 
generated OSF command are all zero set through the set-reset lines of 
each listed flip-flop. In this case only flip-flop E is listed. 
Therefore, E should be zero set. The next three commands (0E18, OSA, ~ 
and 1£18) act as a‘clock pulse to zero set all flip-flops. This will 
result in those flip-flops which have a true condition at their zero 
set logic inputs being zero set. The next command listed is one test 
the following (1TF), and the next listed flip-flop, XP will be one 


tested. This is accomplished by means of threshold amplifiers in the 


FALT which are capable of discerning, with tolerance, the voltage on a 
line; in this case, the output of flip-flop XP. 


It is at this point that the test failed (index 007). Flip-flop XP was 
found zero set as indicated by the FO indicator on the FALT being lit 
(instead of Fl) and a flashing error indicator. Flip-flop XP should 
have remained one set when it was set previously by the 1SA command. 


Replace each of the boards suggested in the tape listing one at a time, 
each time backing up the tape or by using the control box C-4020 to 
enter the given test rerunning the test until the suggested boards 
and/or assemblies are tested and/or Repairs In this case boards 334, 
335, and 436 are listed. 


If this does not correct the problem, the operator should refer to the 


logic listing (TM 9-1220-221-34/1/1). The portion of the logic under 
test in this example is reproduced on the following page for convenience. 


Inspection of the test listing and the logic equations reveal that this 


- particular portion of the test, the "and" diodes to the zero-set side 
of the flip-flop XP are being tes ted by negation tests. A negation 


test is one in which each input to an "and" gate is made false in turn, 
while all other are held true. If an "and" gate output is found to be 
true, the diode held false is thereby shown incapable of holding the 


‘output of the entire gate false, hence tiat particular diode is probably 


open. The "or" gate (01, 02, etc) and the "and" gate term (MP-, /KB/, 


T™ 9-1220-221-34/1- 


etc) tested is listed, after the numbers 01, 02, etc, offset from the 
regular column positions. For example, at marker 692, index 007, 01 
MP- indicated that the first “or” gate term MP- in the "and" gate of 
the logic has just been tested. 


i. Refer to figure 4-37 for a view of the mechanization of XP logic. For 
an overall illustration of the equations mechanized, refer to TM 9- 
1220-221-34/1/1. | 


xc -8tB 34B60 
e- 62A SECONDARY 
cir4 -828 
x- SIA 334860 | OXPTI ASE 335A47 
xc -83A SECONDARY | 
« 638 
TERTIARY 
xc- BSA 334856 Pera ea 
c.4--578_ SECONDARY | 
| | MP-/KB/ 
mp- -228 +(+E -XC.CL4 
| | (+€ XC IX- 
(+ XC- CL4- 
)/KB-/ 
ARR 80-1247. 


Figure 4-37. Mechanization of OXP. 


j. Referring to the tape listing, (marker 692 index 007) and starting from 
the first 1SA or OSA command preceding the term that failed, and not 
preceded by an 0E18 command; determines the state (one set of zero set) 
of each one of the terms involved in the specific logic equation (TM 9- 
1220-221-34/1/1). , 


k. In this case all terms are one set except the E term which is zero set. 
Gate 01 (MP- /KB/) is false because MP is one set not zero set. Gate — 
02 (E XC CL4) is true because all of its terms are true. Gate 03 (E XC. 
1X-) is false because term IX is one set and term E is zero set. Gate 
04 (XC- CL4-) is false because terms XC and CL4 are both one set. 
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4-44, MALFUNCTION ISOLATION--Cont inued 


1. Referring to the mechanized equation in figure 4-37, monitor the output 
voltage of each one of the output gates. | 


(1) In this case the voltages should be: 


_ 334850, gate 0l--approx 0 volts (F) 
334B60, gate 02--approx -6 volts (T) 
334B60, gate 03--approx 0 volts (F) 
334B56, gate 04--approx 0 volts (F) 


(2) Gate 01 should be false; the tertiary: term /KB-/, which should also 
be false is "anded" with gates 02 thru 04. XP is one set. There- 
fore, XP should remain one set because the logic to zero set X0 
Should not be true. However, XP is being zero set. Therefore, the 
most likely gates to be at fault are gate 01 and the tertiary gate. 


m. Normal electronic signal tracing techniques may now be utilized to 
troubleshoot and correct the logical error. 


4-45. EXPLANATION OF DU/DL ADDRESS TABLES 


The operator using the tape printouts can acknowledge the commands of fl ip- 

_ flops and desires the DU/DL address (address code is needed either for testing 
using a voltmeter or for addressing using the control box C-4020 or for both). 
Table 4-12 contains the flip-flop primary functions; table 4-13 contains the 
flip-flop address and location; table 4-14 contains the write flip-flop address 
and location; table 4-15 contains the read flip-flop address and location; 
table 4-16 contains the flip-flop address and response lines; table 4-17 
contains the. read flip-flop address and response lines; table 4-18 contains - 
the address for the addressable primary "and" gates, logic drivers, and write 
switches. 


Table 4-12. Flip-Flop Primary Function 


Logic | Logic 

name Purpose name Purpose 

AC A loop control. | CFS Channel field switch. 

AK Carry for addition; mode CFSW Channel field switch for 

control. | writing. | 

AP A loop extension, Tp phasing. CLC Computer light control. — 

AX A loop extension, TX phasing. CL2 Channel no. buffer (next 
| CL3 instruction address). 

Bl Bit counter. | CL4 

B2 | CL5 

B3 | | | CL6 

B4 7 CL7 

B5 

B6 
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Table 4-12. Flip-Flop Primary Function--Continued 


Purpose 


Number channel selection 


register for reading. 


Program channel selection — 


register. 


Channel program field 
switch. | 
Special program channel 
control. | 


Channel no. buffer (operand 


address). — 


Number channel selection 
register for writing. | 


D loop control. 


— Display shift timing. 


Display control. 


D loop extension. TX phasing. 


Purpose 


Display register; input- | 
output register. | 


Display register. 


Mode control (down mode). 
Mode control (execute). 

Field switch. 

Psuedo mode control. 

I loop control. | 
Instruction disagreement. 

I loop extension, Tp phasing. 
Mode control] (compute). 

L loop control. 

L loop extension, Tp phasing. 
L loop extension, TX phasing. 
Main memory read control. 
Number read. 


Program read. 
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Table 4-12. Flip-Flop Primary Function--Continued 


Logic Logic | 
name Purpose name Purpose 
MN Main memory number collector. RX R loop extension, TX phasing. 
MP Main memory instruction 
Sariecror: S Selector track read. 
— MWI Main memory write. | a Suman, 
MWo | TP _ Timing 
NC N loop control. | TSO Timing 
ND Number disagreement. TX Timing 
NX N loop extension, TX phasing. XC X loop control. 
OB2 Operation code buffer. | | 
0B3 | XD Display delay. . 
a | | XR X loop recirculation control. 
086 X1 Display anode counter. 
OFLO Overflow indicator. ns | 
A e e Bs . 
OP1 Discrete output register. oe POOR RECS STE aN ORe 
OP2 132 
OP3 32 
| a NP 
02 Operation code register. QP 
03 RP 
04 XP 
05 
06 AO Loop read flip-flops. 
D 
PE Parity error indicator. “ 
LO 
PN Parity generation and de- NO 
tection for numbers. RO 
| RM 
PP Parity generation and de- 00 
tection for instructions. OM 
XO 
QC Q loop control. 
QX Q loop extension, TX phasing. 
RC R loop control. | 
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| a DU DL 
Output Output . 


: One set Zero set true if true if M18 
Flip- input input one set zero set| Line J12]Line J1l2 
flop Location (pin) (pin) (pin) (pin) no. pin 
AC 239 408 468 §§ 338 —-36B 20 ON 
AK 224 «= 208 ‘17B 2 28B.s27B 22, OR 
AP 320 208 178 288 278 27, W 
AX 315 40B 46B 338 36B 30 =X 
Bl 232 40B 468 = 338 36B 21. 
B2 340 208 17B 288  —s-278B 25 OU 
B3 208 20B 178 288 278 24 = OT 
B4 440 20B 178 =. 28Bs 2728 31 =O 
B5 441 208 178 28B 27B 31 ~=OY 
B6 226 40B 46B 33B 36B 22 = R 
cL2 233 20B 178 = 8B 278 21. =~P 
CL3 314 20B 178 —28B 278 30 =X 
CL4 339 -40B 46B 33B =: 36B 07 Fil 2 u 
CLS 330 20B 178 = 28 278 i Ll 2 
CL6 317 408  — 46B 33B 36B 07 F | 30 X 
CL? 218 408 46B 338368 16M | 22.) R 
CN2 333 208 ‘178 288 278 «| «06 «~CE | 26 
CN3. —ss«332 40B 46B 338 36B 12 H| 2 P 
CN4 237 20B 178 288 ss 278 11 G{20 N 
CNS. 238. 40B 46B 33B 368 | 07 =F | 20 =N 
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Table 4-13. Flip-Flop Address and Location--Continued 


— Qutput Output 
Flip- oe — cia sh ri ‘Line Jl2 | Line J12 
flop Location (pin) (pin) (pin) (pin) 
CNG 240 408 = 46B 33B 36B 03 «=2B 
CN7 335 208 178 288 278 02 =A 
cP2 234 "408 338 36B 16 OM 
CP3 319 208 178 288 278 «| «02)—COA 
cP4 321 20B 178 288 278 13.00 
CP5 213 208 17B 28B 278 130d 
CPE 234 208 178 28B 278 is oL 
cP7 337 20B 178 28B 278 130d 
cP76 319 40B 46B 33B 36B 03 «=2B 
~ CR2 328 40B 46B 33B 36B 05 OD 
CR3 206 408  —« 46B 33B 36B 16 OM 
CR4 217 408 46B 33B 36B 03 «=2B 
CRS 233 40B 46B 33B 36B ae: 
CRE 227 40B 468 33B 368 03 «=~ 
CR7 231 408 468 338 = s«36B 07 ~O*F 
C2 336 40B 46B 338 36B 16 OM 
C3 227 208 178 28B 278 02 «OA 
C4 229 208 178 2820 27BC«d|:«3s 
C5 228 40B 468 33B 36B 16 OM 
C6 330 40B 46B 338 4 4=—s:36B 160M 
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T™ 9-1220-221-34/1 | 
Table 4-13. Flip-Flop Address and Location--Continued | 


a 
Output Output 


One set Zero set true if true if M18 

Flip- input input § one set zero set| Line J12j Line J12 
flop Location (pin) (pin) — (pin) (pin) no. pin 
07 207 408 = 6BCs“(<itiéiwSSCHBSSCd CCK =| kT 
CFS 238 208 178 288 278 06 E—| 20 JU 
CFSH «338 208 178 288 278 2} 11 GG «| 25 UU 
eLe 338 408 468 §§ 338 36B 12 HI 2 U 
CPFS «237 40B 46B 338 (368 12 HI] 20 U 
DC 212 208 178 288 278 I Li| 23. § 
DX 216. 408 468 338 36B 0 od| 23 § 
DSH 215° 408 468 - 338 368 07 FI 23. § 
DSP 213 40B 468 33B 36B 4 Ki 23. § 
DAI 440 40B 46B 33B 36B 06 Di] 31 iY 
DAZ 340 408 468 338 36B 0 od} 2 du 
DAS 211s 468 #338 368 | 03 BI 24 T 
DA4 230 408 468 33R 368 2 oH] 21 P 
DAS 230 208 178 288 278 11 G| 21 P 
DAG 321 408 46B 33B 368 14K | 27) R 
DAZ «326 40B 468  —«-33B 36B 12 H| 27. R 
DAS 336 =—is«é208 178 28B 278 I Li| 2 U 
Dl tis 208 ‘178 2B 20Sfi«i«27BES*sdT«Cads:=<iak «| 30—sX 
‘De 314 40B 468 338 (368 16 om| 30 X 
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4-45. EXPLANATION OF DU/DL ADDRESS TABLES--Continued 


Table 4-13. Flip-Flop Address and Location--Continued 


a) a 
Output Output : 
One set Zero set true if true if M18 
Flip- input input one set zero set} Line Jl2j|Line J12 
flop Location (pin) (pin) (pin) (pin) no. pin 
D3 320 40B 46B 33B 36B 16M | 27. W 
D4 223 208 17B 288 278 11 G |] 22. R 
DS 224 40B 46B 33B 36B 07 F {22 R 
D6 235 40B 46B 33B 36B 144K ]20 2N 
‘D7 240 20B 17B 288 278 02 Al 20 #N 
D8 212 40B 46B 33B 36B 160M | 23.~=«S 
D 231 208 178 208 «= sa27B-—Ciéd| «OG ~SCE | 21SOi®P 
E 315 208 17B 28B 27B 13 J | 30. X 
FS 441 40B 46B 33B 36B 03 B31 Y 
G 2 20B 17B 28B 27B 022 Al 24 oT 
IC 208 408 468 338 368 12 #H| 2 oT 
ID 229 408 468 33B 36B 14 Ki 21. P 
IP 317 20B 17B 28B 278 06 € | 30 
K 215 20B 178 288 278 0 o£ | 23 
ie 218 20B 17B 288 =—ss« 7B 15 L | 22 
LP 239 208 178 28B 27B 04 Cc | 20 
LX 217 20B 17B 28B 278 «=O | «(02)—COA«*d:sf2B 
MC 216 20B 17B 28B 27B 04 oC | 23 
MN. 210 20B 17B 28B 278 04 cl 24 
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Table 4-13. Flip-Flop Address and Location--Continued 


| Output Output 


| One set Zero set true if true if. M18 

Flip- input input one set zero set jLine J12|Line J12 
flop Location (pin) (pin) (pin) (pin) no. no. pin 

MP 341 (208 17B .:: 278 02 Al 2 U- 
NC 327, ss 0B 468 338 (368 7 Fila Ww 
ND 328 — 208 17B 28B 278 06 #cij27 wW 
NX 327 208 17B 28B 278 0 Ela wW 
0B2 209 408 068 338 4=—s:36B 07 FI 24 T 
0B3 214 208 178 288 27B 11 G | 23. § 
0B4 232 208 - ~—s«17B 28B 278 0 clil2ts ep 
OBS 226 208 178 * 288 278 06 #cil22 wW 
0B6 228 208 178 = 28B 27B 6 L{2i. wW 

OFLO 341 408 468 =~. 33B 368 03 Bi] 25 U. 
OP1 318 $408 = 468 338 36B 05 di 30 xX 
0P2 223 408 468 338 = 36B 12 oH} 22 R 
OP3 334. 40B 468 33B 368 | 05 OD] 26 V 
02 see 40B 468 338 -36B 4 K {22 R 
03 318 20B 17B 288 so 278B 06 6c | 30. ~«X 
04 335 40B 46B 338 36B 03 B26 V 
05 331 208 178 28B 278 «6: 130CU | 26~COV 
06 222 20B 178 288 —=«-278 13 J | 22 R 
PE 209 208 17B 28B 27B 06 E| 24 T 
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4-45, EXPLANATION OF DU/DL ADDRESS TABLES--Cont inued 


Table 4-13. Flip-Flop Address and Location--Continued 


3 Output Output 

One set Zero set true if true if 

Flip- input input one set zero set |Line J12 {Line J12 
flop Location (pin) (pin) (pin) (pin) — 


PN 329 ti«éOB 178 288 sé2?72B 


A Ww 
PP 235 208 178 288 278 J | 20 N 

Qc 331 408 468 3382 36B K | 26 Vv 
QX 334 208 178 2880278 c | 2 Vv 
RC 326 = 208 178 =. 8B 7B 6 | 2 wl 
RX 329 408 = 468 338368 Bp | 27) Ww 
TO 20339 208 178 288 278 E | 25 U 
TP 210 40B 46B 338. 368 Dy} 24. sT 
TSO. 332 208 478 288 TB 6 | 26 V 
TX —«-.207,——s« 208 178 288 = 278 a | 24 7 
X12 40 468 338 = :368 H | 23. S$ 
x2 337 40B 468 338 (368 Kk {2 uD 
XC 316 «4B 468 338 368 —H | 30 Xx 
XD 333 408 = «AGB 33B 36B F126 Vv. 
XR 206 20B 178 = 28 27B Lo] 24 6T 
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Table 4-14. Flip-Flop Address and Location (Write Flip-Flops) — 
| oo Output Output 


Logic One set Zero set true if true if DU ‘OL 
(symbol ) Board input input one set zero set line line 
write location (pin) (pin) (pin) (pin) no. no. 
L32 435 468 568 = 378 64B 0302-32 
DP 435 108 19 8A 23A 02 32 
NP 436 3=—ss« 6B 563. 37B 648 16 31 
XP 436 10B 19B 8A 23A 15 31 
RP 437 is‘ BB 56B 378 648 8 8=—s «<3 31 
1320 438 468 ‘6B 378 648 2 31 
A32 438 108 19 SA sO 113 
OP 439 46B 568 37B 648 07 31 
MWO 439 10B 19B 3B 23A 06 31 


MW1 437 10B 19B 3B 23A 14 31 
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4-45. EXPLANATION OF DU/DL ADDRESS TABLES--Cont inued 
Table 4-15. Flip-Flop Address and Location (Read Flip-Flops) 


DUR] DL 
| - Output Output 
Logic One set Zero set true if true if M18 
symbol Board input input one set zero set} Line J12 {Line J12 
read Location (pin) (pin) (pin) (pin) no. pin 

S 303i 198 6B 5A 33 /E 
XO = 304 3A 19B 68 5A 34 /F 
D0 305 3A 19B 6B SCA 35 /G 
RO = 306 3A 198 6B 5A 360 /H 
RM 307 BA —ts«COS 6B 5A (330~COE 

QO (308 Ce ): | 340 
QM =: 309 3A 19B 6B 5A 35 /G 
NO 310 3A 9B 6B 5A 360 /H 
lo —-s-311 3A, 198 = ts«CB 5A 330 /E 

Ix 312 3A 198 6B 5A 340 /F 
AO 313 3A 19B 6B 5A 35 /G 
MMN 302 2A CALA 12B 7A 36H 
MMP 301 2A 118 2 =—-is«d128 7A 33. /E 
TD/WI 101 2A 014A. 178 3B 34 /F 
(PS/ (TD) (WT) 


ps.) (PS) (PS-) 
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Table 4-16. Flip-Flop Address and Response Lines. 


7 DUO2} DU03 pos! puns | puns DUO7 | DU11 | DU12 | DU13 pu14 = DULG 
FIT 1 CFS | CNS | CN4 | CPFS ee [oe CP6 
& 24Q | 240 | 239 } 238 | 238 | 237 | 237 =| 237 
Jb 4 ° } ) ) ) 
ete ee ee ee 
fe, das [ae [Te fe, los fo UU 
& 227 | 227 | 226 | 226 
nd 2a | a7 | ate | 26 Pa ee 
217 | 217 | 216 | 216 § 215 214 | 213 | 213 | 212 | 212 


arat [| | | topo 
ror 3) 2u1 | ait | 210 | 210 | 200 | 209 | 206 | 208 | 207 | 207_| 206 | 206_| nize 


fs, [orl Tes Te, [es lel Ug Ta Ia Ig 

341 | 341 | 340 | 340 | 339 | 339 | 338 | 338 336 ; 

wr L335 | 335 | 334 | 334 | 333 | 33 | 332 | 332 om [on | 330 [320 | o: 
335 | 335 | 334 | 334 | 333 331_ | 331 | 330 [330 | DL26 

Tas | Tos Pa Tog Ta Tes Io Ua La 
329 | 329 | 328 | 328 

mS Tas ie [is Yi [a [oe [oe Poe (oe [oe [oe 
319 318 | 318 §317 | 317 | 316 | 316 {| 315 | 315 | 314 | 314 


FIT 


Qo 


Qe 


@ 


Re 


FIT 
& 
FOT 
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4-45. EXPLANATION OF DU/DL ADDRESS TABLES--Cont inued 


Table 4-17. Read Flip-Flop Address and Response Lines 


DLR33 
-DLR34 
DLR35 


DLR36 


Table 4-18. Addressable Primary Gates, Logic 
Drivers and Write Switches 


( | (ssea) | (598) 
( 


58 se 
0 


4.94 


] 
- 
7 
l 
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Table 4-18. Addressable Primary Gates, Logic 
Drivers and Write Switches--Continued 


son 

0) 
00 
(a0 
er 
oun 
0 
8 


DL 
21 
23 
27 
31 
32 
33 
4 


— C 
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4-45. EXPLANATION OF DU/DL ADDRESS TABLES--Cont inued 


Table 4-19. Wire Color Versus Function Chart 


Function 


Wire Color 

Black Power Ground, Shield Ground, Chassis Ground, 
Read Ground 

Red +15 volts 

Orange +1.25 volts 

Yel low 1 and @ clock pulses 

Green +150 volts, one and zero input logic, tertiary 
outputs 

Blue +6 volts 

Violet +35 volts 

Grey -+73-volt Zener 

White-Black +20 volts 

White-Brown -10 volts 

Whi te-Red -12-volt Zener 

White-Orange -3 volts 

White-Yellow Strobe pulse 

White-Green -1.5 volts 

White-Blue -6 volts 

White-Violet -27 volts 

White-Grey -18-volt test, -18 volts 
+138-volt Zener, +66- volt Zener, logic 


White 
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4-46. GENERAL INFORMATION FOR MALFUNCTION ISOLATION 


a. Printed Circuit Board Connector. 


(1) 


(2) 


GREEN 


Each printed circuit board in the computer connects circuitry 
through a printed circuit board connector. Voltage levels and 
various input/output signals which are used with a particular prin- 
ted circuit board, are tied to the board connector on the wiring 
Side. When the computer is open, the wiring side of all board 
connectors is exposed. The board connector is divided into the A 
Side and the B side. There are 65 pins on each of these sides for a 
total of 130 pins. In troubleshooting the computer, it is sometimes 
necessary to test or measure various signals tied to the pins on the 
board connector. The pins are identified by using a combination of 
letters and numbers. For example, Al5 would be the 15th pin on the 
A side of the connector. Pins can be located by the color code 
insulating sleeving used on every five pins of the connector. 
Illustrated in figure 4-38 is a circuit board connector showing the 
various colors used to identify the pins. Those pins where color is 
not called out have white insulating sleeving. To locate pin A28 it 
is easiest-to first locate the orange pin A30 and then count: two 
pins to the right or left depending on the position of the computer. 
The A and B side of the connector is easily identified by noting the 
position of the printed circuit boards. The components on the 
printed circuit board are mounted on the A side and the etched 
wiring is on the B side. Pins 1 and 2 of the A side are both brown 
while only pin 1 of the B side is brown. 


Due to the keying arrangements for each type of printed circuit 
board, several pins on each connector have been removed. When 
locating on a connector, allowance must be made for the missing 
pins. 


B SIDE 
BLUE GREEN YELLOW ORANGE RED BROWN BROWN | 


GREEN GREEN GREEN GREEN GREEN GREEN 


0000000000 
1098765432 I 


0000000000 


GREEN 


GREEN GREEN GREEN GREEN GREEN GREEN 
BLUE GREEN YELLOW ORANGE RED BROWN BROWN 
A SIDE | ARR 80-1248 


Figure 4-38. Printed Circuit Board Connector. 
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4-46. GENERAL INFORMATION FOR MALFUNCTION ISOLATION--Continued 


b. Wiring Color Codes. Some wires used to carry various voltage levels 
and signals throughout the computer are also color-coded according to 
their functions. Many wires are coded using two colors such as white- 
black. When two colors are used, the first color indicated the tracer. 
The computer wire color-coding scheme is outlined in table 4-19. 


4-47. DIODE GATES 


There are three types of diode gates contained in the FADAC. They are the 


primary, secondary, and tertiary gates. 


An example of the three types of | 


gates and brief explanation and illustration follows. 


PRIMARY: 
it 
Al Al A2A3 
z (NO OR- DIODE, 
aE | 
SECONOARY: 
B1 B2 83+ 
B4 BS B6 
TERTIARY: 


NOTE 
1. SECONDARY DIODES (B) LIMITED TO 12. 
2. MAY DRIVE UP TO 25 DIODES. 


3. NO MORE THAN 12 DIODES (A,B) MAY PRECEDE 
7 TERTIARY(C). 


SECONDARY MAY DRIVE TERTIARY ONLY AT 
INPUT C2. 


PRIMARY MAY DRIVE SECONDARY 


A3 Al A2A3 


(NOTE 2) 


PRIMARY MAY DRIVE SECONOARY WHICH DRIVES 
TERTIARY. 


A2B2C1C2 
(NOTE 3) 


PRIMARY AND SECONDARY MAY DRIVE 
TERTIARY 


A2A3C2 
Al 81 B2 B3 
A2 (NOTE 4) 


ARR 80-1249 


Figure 4-39, Three Types of Diode Gates. 
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Table 4-20. Flip-Flop Logic Pin To Gate Chart 


SIDE NRS SIDE SIDE _NRS SIDE 


PIN = B 
SIDE _NRS SIDE 


1 26 24 -18V 12 43 12 
2 26 25 25 
3 26 ~=— ss 26 FOT 
4 26 27 OUT 
5 Fl- 
6 10 28 OUT 
7 Fl 
8 10 29 25 
9 10 30 10 
7 31 GND 
7 32 FIT 
7 33 OUT 
F2 
13 34 DL 
13 35 7 
13 36 OUT 
F2- 
13 37 DUZ 
13 38 I-C 
-18V 39 41.25 
14 40 in 
F2 
41 
14 42 12 


A25 


ARR 80-1250 


Figure 4-40. Primary Diode Gates. 
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4-47. DIODE GATES--Continued 


SECONDARY 


-————____"—_- 


B53 A53 B14 


ARR 80-1251 


Figure 4-41. Secondary Diode Gates (sheet 1 of 2). 
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Ad @ 


83 
A5_ 
BA 
BS 
_Bé 
A62 
_ BOT (23) 
, B62 
B60. 
A6l 
,A63 
B63 | 
ARR 80-1487 


Figure 4-41. Secondary Diode Gates (sheet 2 of 2). 


TERTIARY — — sd 


sip, @ me @® 


B54 B49 B55 


A52 
A48 ARR 80-1252 


Figure 4-42. Tertiary Diode Gates. 
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4-48, 


a. 


b. 
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F1T and FOT LINE TROUBLESHOOTING 


General. The FALT one and zero tests the computer flip-flop circuits 
through the F1T AND FOT lines. The "or" diodes are. used to the one F1T 
and FOT lines. If this "or" diode is open, an error will result when 
the flip-flop circuits on that particular F1T or FOT line. 


Line Troubleshooting. 


(1) The flip-flop circuits located on boards 230 thru 240 are tied 


together to form F1T1l and FOT1. Assume that diode CR43 on logic 
flip-flop board 230 is shorted. This diode ties the one-set output — 
of DA5 flip-flop to the F1T1l line. When the B test tape is run, the 
first error will occur at marker 001, index 003, “or" D7 one test. 
Replacing the boards called put for marker 001. will not solve the 
problem. A voltmeter can be used to measure the one-set output of 
D7 on pin B28 of board 240. Voltage measurement will show that D7 
1s one set. However, due to the shorted diode on board 230, 0 volts 
appears on the FlT-line resulting in an error on the FALT. The 
remaining flip-flop circuits on F1T1l, except DA5, would all indicate © 
an error when they are one tested, even though they are one set. 
The zero testing of these same flip-flops will not be affected by 
the shorted diode in the F1Tl circuit. The solution to the error 
would be to replace and circuit board involved in FlTl-line, one at 
a time, until the board with the shorted diode has been found. Each 
time a new board has been replaced, D7 should be one tested until 
the test passes. The computer wire list (TM 9-1220-221-34/6) con- 
tains lists of all boards involved in F1T1. The wire list calls out 
boards 101 and 230 thru 240 except 236 as being involved with F1T1l. 


(2) Board replacement should solve the majority of F1T and FOT line 


problems. However, other problem areas will also arise. Computer 
wiring, cold solder connections, and defective test cables could 
also be the source of F1T and FOT line problems. When board re- 
placement fails then these other areas must be investigated. 


LOGIC DRIVER TROUBLESHOOTING 


General. The computer logic driver circuit may be divided into three 
parts: the input gate, the driver circuit, and the output load. When 
the logic drivers are tested in the B test tape, the circuit boards 
containing the input gate and driver circuit are called out in the 
program printout. To determine the circuit boards which comprise the 
output load, the maintenance technician should refer to the computer 
wire list (™ 9-1220-221-34/6). The majority of logic driver failures 
can be corrected by replacement of the circuit boards called out in the 
program printout. When replacement of these circuit boards does not 
solve the problem, the defective area can be easily isolated us ing a 
voltmeter. 


Input Gate Tests. The input circuit for all logic drivers except /TOS/ 
is an "and" gate. Logic drivers which are fed by a single term also | 
have an "and" gate as their input circuit. When a logic driver is one 
tested, all terms in the input gate are true. The logic driver circuit 
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BIS J15/0 


(-6V) E- 
(-6V) K- 213 B2 
| @ 213 B10 
(-6V) 0- 213 A10 
213 B23 
INPUT _ . ene 
| GATE 
, | DRIVER CIRCUIT 214 Als . 
| aeY 219 
ley opaek® 217 AS4 AB Bi2 OUTPUT 
KIOAL /KIOA/ LOAD 
47 
(-6V) AK 2 | Ce) 
<3) | 222 AlO 
228 B23 


229 A6O 


337 B2 
337 B6 
63784 ARR 80-1253 
Figure 4-43, Mechanization of /KIOA/. 


can be mechanized and these input terms can be measured using a volt- 
meter. Illustrated in figure 4-43 is logic driver /KIOA/. Since five 
terms make up the input for /KIOA/, two circuits are used to form the 
input "and" gate. Three input terms and the -6-volt clamp are tied to 
the remaining two input terms forming a five-input "and" gate. When 
the input terms are measured using the voltmeter, the common lead of 
the meter should be connected to a suitable ground point. A negative 
voltage of about 6 volts should appear on each pin of the input gate 
when the logic driver is one tested. If all inputs are normal, the 
Output from the gate can then be measured. When all inputs are true 
the normal output level of the driver input gate is -2 volts. This low 
Output voltage is due to the loading effect of the logic driver circuit 
on the input gate. Negation tests are also performed on the logic 
driver input circuit. One term of the input gate will be false and the 
driver will be zero tested. A failure in this area usually indicates 
an open diode and board replacement will correct the majority of fail- 
ures. When board replacement fails to correct the error, the driver 
circuit, which is illustrated in T 9-1220-221-34/1/1, can be retested 
using the voltmeter. The first step in the solution of a negation 
error is to determine the diode under test. At the end of each nega- 
tion test in the program printout, the term which has been negated is 
called out. In the first negation test of driver /KIOA/, which is 
mechanized in figure 4-43, term K- is false and the driver should also 

be false. When the input pin is measured, pin B23 of board 217 should 
be at 0 volts. If B23 is 0 volts and the output of the gate circuit is 
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LOGIC DRIVER TROUBLESHOOTING--Cont inued 


true (-2 volts in this case) then an open circuit exists in one negated 
term. Board replacement eliminated the possibility of an open diode. 
Therefore, wiring continuity from the gate input back to the source of 
the negated term must be tested. A high resistance cold solder connec- 
tion on B23 of board 217 would be a possibility. A poor or dirty 
contact between the circuit board and the board connector on pin B23 is 
Still another possibility which must be checked. When the negated term 
is false and the gate output is also false then the input circuit is 
functional and a problem would exist elsewhere in the circuitry. 


Driver Tests. With a true signal on the input of the logic driver, the 
Output should also be true. If the input to the driver is false, then 


the output should also be false. The signal level measured at the gate 


output should be the same as that measured at the driver input. When 
these signals. differ, wiring continuity from the driver input back to 
the gate output must be checked. The output of the driver circuit 
Should be at -6 volts when measured with the voltmeter. When the © 
driver output is false (0 volts) while the input is true then the | 
driver circuit is defective and the circuit board should be replaced 
with a functional one. A low resistance short in the output load is a 
possible problem area when the driver circuit output is low. If board 
replacement does not solve the problem of a defective output, then the 


output load must be checked. 


Output Load Tests. The output level of a driver circuit can be deter- 
mined by referring to the computer wire list. The output load of 
driver /KIOA/ is illustrated in figure 4-43. The output load will vary 
with each driver ciruit. Some drivers are tied to as many as 25 logic 
circuits. Determining the defective circuit board in the output load 
1s simply a matter of removal or replacement. Whenever a circuit board 
is to be removed or replaced the computer must be turned off. When 
many boards are involved in the output several may be removed at one 
time; each time a group of boards is removed the driver can be tested 


again using the control box C-4020. Circuit boards that are involved 


in both the output load and the input circuit must not be removed. 
However, these boards can be replaced with boards from stock. Other 
possible problem areas in the output load are the computer wiring and 
the FALT cables. Resistance measurements can be made to test these 
other areas. 


PRIMARY "AND" GATE TROUBLESHOOTING 


General. Many of the failures incurred while testing the primary "and" 
gates in the B test tape will be corrected by replacing the circuit 
boards contained in the program printout. When board replacement fails 
to solve the error, the defective area can be isolated by voltage 
measurement. 


—é. 
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"And" Gate Troubleshooting. 


(1) If the error occurs during a one test, the gate illustrated in TM 9- 


1220-221-34/1/1 can be viewed and the voltmeter used to measure the 
inputs. In the one test, all inputs should be true with a signal 
level of about -6 volts. A false signal on any of the input pins 
will localize the problem to that input term. When all input terms 
are true and the output is false, then the problem could exist in 
the output load. 


(2) The majority of primary "and" gate input terms are outputs of flip- 


flop and logic driver circuits. When a circuit is part of the "and" 
gate logic, it is usually the first test of this driver circuit. If 
a primary "and" gate error has been isolated to a logic driver, the 
logic driver input circuit and the remaining output load must be 
considered as the possible source of the failure. A malfunction in 
another portion of the logic driver output load will be reflected in 
the primary "and" gate. A defective logic driver circuit will also 
affect the vand® gate wnen it is tested. 


TROUBLESHOOTING FLIP-FLOP LOGIC 


"Or" Test Failures. During "or" testing of flip-flop logic, each logic 
equation "or" gate is usually tested separately. When an error occurs, 
note the marker and index numbers which are displayed on the FALT and 
locate the test in the program printouts. A number indicating the 
equation being tested is printed following the address of the flip-flop 
under test. When circuit board replacement fails to correct the error, 
the voltmeter is used to isolate the defective term. The normal input 
to each diode of the gate under test will be a negative voltage of 
about -6 volts. A voltmeter reading of 0 volts on any input will 
localize the problem to that input term. 


NOTE © 
Logical mechanization of terms is detailed in TM 9-1220-221-34/1/1. 


"And" Test Failures. For "and" tests of flip-flop logic, one or more 
terms may be negated during a test. The test tape program printout 
will indicate the terms of an equation that have been negated for any 
given test. Using the mechanized logic diagram the negated terms can 
be checked with a voltmeter. A negated term should read about 0 volts 
on the voltmeter. When a negated term is true, the problem is with 
this input term. If board replacement does not solve the problem, the 
wiring should be checked for an open circuit and the board connector 
pins should be checked for proper contact. 
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Section V. Input-Output 


GENERAL 


This section covers troubleshooting pertinent to input and output 


circuitry. 


, Ge 


Inputs to the computer can be any one of the following: the SDR, 
keyboard unit, mechanical reader unit, matrix unit, or external de- 
vices, e.g. another computer, auxiliary memory storage devices. 


The primary output is to the nixie readout panel. When properly 


programmed, the computer will output to external devices such as the 
teletypewriter, another computer, or other equipment. 


- The schematics in figures 4-44 and 4-45 depict the scheme and sequence 


- of coverage to be disclosed in this section. 


MOOE 
CONTROL 
LOGIC 
AND 
CIRCUITS 


SET-UP eg) 
LOGIC | DEVICES | 
ANDO 
CIRCUITS SS 
ARR 80-1254 


Figure 4-44, Input Scheme. 


4-106 - 


TM 9-1220-221-34/1 


VISUAL 
READOUT 
(NIXIES) 
MODE 
~ CONTROL 
LOGIC 


AND 
CIRCUITS 


EXTERNAL 
DEVICE 


ARR 80-1255 


Figure 4-45. Output Scheme. 


4-53. MODE CONTROL FOR IN/OUT SET UP OPERATION 


a. Main Operation No. l. 


(1) The computer mode of operation is controlled by the AK, D, E, and K. 


flip-flops (flip-flop G is used during some modes). Computer turnon 
generates the TD signal, forcing the mode control flip-flops into | 
the following states: 


NOTE 


During logic discussions, reference may be made to logic equalt Tons | 
in T 9-1220-221- 34/i/l. 


(2) 


(3) 


The mode control veitch diagram for input-output murekine in figure. | 
4-46 will be referred to throughout this text and should be referenced — | 
each time a particular mode configuration is noted. | | 


The computer will remain in the sync bit counter mode until the bit 
counter flip-flops (Bl thru B6) synchronize with the sector track on. 
the memory disk. This action occurs during the presence of Td. oe 
Refer to paragraph 4-55 bit counter sector track and synchronization. _. 
With the bit counter synchronized, flip-flop TX one =~ ar oMen a cee 
Dre E to one set. | — 


= /KD1/ E- eee /TXA/ 
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MODE CONTROL FOR. IN/OUT SET UP OPERATION--Cont inued 


ARR 80-1256 


Figure 4-46. Mode Control Veitch Diagram for I/0.. 


With TX flip-flop now one set, every word time the computer wil] 
enter the program halt mode. 


0 AK = /ED3/ /TXB/ 


While in the program halt mode, the following are some of the actions 
that will take place in anticipation of going to the input-output mode. 


9 03 = (KED3) 104 = (KED3) @ OB6 = (KED3) 
@ 02 = (KED3) 1 0OB3 = (KED3) @ OBS = (KED3) 
Q CP6 = /KA-/ E 1 OB4 = (KED3) 
p05 = (KED3) 1 OB2 = /KA-/E 


The computer will remain in the program halt mode until actuated by 
the operator or an external device such as the SDR. Reference to 


figure 4-49 will show that the term GPR- is true when the SDR is 


cabled to J017 and the COMPUTE switch on the SDR is in the HALT 
position. This condition places flip-flop E in the off state: 


9 E = *GPR- (KED3) AK- 
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The computer is now in the manual halt mode. 
b. Main Operation No. 2. 


(1) Depression of the START FADAC button on the SDR results in the 
fol lowing: 


(a) The computer will go to the input-output mode. 


| NOTE 
Refer to paragraph 4-56 for discussion of input device selec- 
tion. | | 


(b) Input device determination is made. 


(c) The FADAC and SDR generate logic signals causing information to be 
transferred from the SDR to the computer. 


(2) Reference to the illustration in figure 4-52 shows that depression of 
the START FADAC button generates the term FBPR from the SDR. The 
term FB in the computer causes the one setting of CP6. 


1 CP6 = /KD1/ (EAKO) *FB /TPA/ 


(3) The one setting of CP6 provides logic necessary to one set flip-flop 
E and zero set the D flip-flop. 

; «1 E = /KD1/ (EAKO) CP6 

@ D = /KD1/ (EAKO) CP6 


(4) The computer is now in the input-output setup mode and will remain 


so for 17 word times. At this time the IN-OUT indicator on-:the 
front panel is illuminated (fig. 4-47). | 


MAIN FRAME 


FRONT PANEL 
BOARD No. 402 | 

ee 7 

D- 863 : | [ | 
SEH >t : +138Z 

K- B61~ | | DS-9 

| | | | IN/OUT 

eee a ee, ee 


ARR 80-1257 
Figure 4-47, Input-Output Lamp Circuit. 


4-109. 


T™ 9-1220-221-34/1 


4-53. MODE CONTROL FOR IN/OUT SET UP OPERATION--Cont inued 


c. Main Operation No. 3. 


(1) 


(2) 


(4) 


4-110 


‘The computer will remain in the input-output setup mode for 17 word 


times to allow zeroing of the Q loop at TP time of each Q word, to 
prevent information flow into memory until desired. During information 
flow, a one at TP time in the Q loop indicates data in the Q loop is 
to go to memory. To prevent flow of nonpertinent data into memory, 
this bit (TP) is zeroed until the proper time. This 17-word period 
is controlled by the L register maintaining a count of 16. At the 
beginning of this 17-word period the left channel of the L register 
is zeroed: : 

1 LC = /KED2/ Ne? (BL1) (ERR-) 

9 LP = 05- B6 K= LC 

@ L32 = LP- /TOA/ /KB-/ 


The illustration in figure 4-48 shows that the above logic will zero 


the left channel portion (T28-T32) of the L register. At TP time of 
the first word of the 17, LC is zero set and 05 jis one set: 


9 LC /TPA/ 
1:05 = 05- /04A/ (KSUB) /TPA/ 


With 05 in the one state, Q loop control flip-flop QC one sets and 
will remain on for the duration of each of the ensuing 16 words, 


except at TP time: 


1 QC = (KSUP) (054) OB3 /032-/ (ERR-) /TXC/ 

9 QC = TP | 

9 QP = /TOB/ 

| +(KSU@) QC 04 TP 
At T28 of the second word, LC will one set: 

1 LC = /KED2/ (TLC) (BL1) (ERR-) 
During this word time at T30, LP will one set through: 
1 LP = 05 B6 LX- (KLC-) | 

And LC will zero set and remain off until T28 of the next word: 


4 LC LX- (KLC-) 05 B6 


Flip-flop LP now will be controlled by recirculate logic and will 
remain off due to the writing of zeros during the first word time of 
this mode. Refer to figure 4-49. At the end of second word time, 
the left channel portion of the L register contains a count of one. 
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LEFT CHANNEL OF L REGISTER 


Clete ete 
MIME cs 35 Es 


* 
ILC *REMAINS SET SINCE T28 OVE TONOTURN OFF 
LOGIC UNTIL TP TIME 
105 *HAS BEEN ON SINCE INITIATION OF INPUT - OUTPUT 
SETUP MODE 
TP #/T32/ OCCURS EVERY WORD AT T32 
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Figure 4-48. L Register Counter. 


L REGISTER 


RECIRCULATION 
LP ® LX LC -(TXP-) 

RECIRCULATE LOGIC 
1LP ® LX-LC - (TXP-) | 


ILP = OS B6 LX-(KLC-) 


COUNT UP LOGIC 
@LP* 05 B6 LX (KLC-) 


ARR 80-1259 


Figure 4-49, L Register Block Diagram. 
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4-53. MODE CONTROL FOR IN/OUT SET UP OPERAT ION--Continued 
(5) At T28 of the third word, LC will sige again one set: 
1 LC = (KED2) (TLC) (BL1) (ERR-) 
LP will remain zero set due to LX being on as a result of recirculate 
logic. The L register contains a count of one from the last word 
time. At T31 LC will zero set due to recirculation logic: 
@ LC = 05 B6 (KLC-) 
And LP one sets as a result of the same logic: 
1 LP = 05 B6 LX- (KLC-) 
Recirculate logic will zero set LP at 1732: 
| @ LP = LX- LC- (TXP-) 
(6) The conclusion of the third word time wil] show the L register con- 
tains a count of two. Refer to figure 4-48, the L register counter. 


The L register will continue counting in the manner Shown above for — 
the next 14 word times. 


- (7) Logical counting by the L register counter will show that LC, TP, 
and 05 flip-flops are one set at Tp time of the 17th word, or the L 
register containing a count of 16, and will allow the computer to go 
to the input-output mode, AK D- = K-. 


/KED2/ (OLTP) (ERR-) 


AK 
E (054) 0B3 LC /KED2/ /TPB/ (ERR-) 


1 
p 
| NOTE 
Refer to mode control veitch figure 4- 46. 
(8) At this same time 05 will zero set: 
G05 = LC 05 (KSUP) TP 
The term RGO, comprising /KOPC/, 04, and OB5- is now true, and 
energizes the SDR tape feed mechanism, refer to figure 4-52. 
4-54, INPUT-OUTPUT MODE OPERATION 
a. General. All explanations of input-output mode operations will be 


detailed by means of the input-output mode operations veitch diagram. 
The box numbers used below refer to the box numbers in figure 4-50. 
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—£tt-p 


OB3 


O 
REGISTER 


AS COUNTER 


LEAD INPUT ig | 
REGISTER 
WITH CONTROLS 


* TC KEYBOARD OR MECHANICAL READER 
* TEI EXTERNAL DEVICE AT JIO7 eS Sey ss 
* TEO EXTERNAL DEVICE AT JOIO na 7BL4//TSH/ | 


oB2 | ARR 80-1260 


Figure 4-50. Input-Output Mode Operations Veitch Diagram. 
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4-54, 


b. 


INPUT-OUTPUT MODE OF OPERATION--Continued 
Box l. 


(1) The left channel portion of the L register is zeroed during the 


e. 


4-114 


first word time in the input-output mode: 


1 LC = /KIO/ (TLC) (BL) 
@ LP = 05- B6 (KLC-) 
9 L32 = /KB-/ LP- /TOA-/ 


The display control flip-flop DSP also zero sets: 
Gg DSP = /KIOA/ OB5- 


(2) The next word time brings the zero setting of 0B3, and the one set- 
ting of CP7 if the SDR is in teletype input; refer to Figure 4-53 
for term *CTT generation. 


§ OB3 = /KIOA/ OB3 OB2 TO 
1 CP7 = *CTT /O04A/ OB5- /KIOA/ 


Box 2. During the next word the left sector portion of the L register 
is zeroed and flip-flop OB2 is zero set: | 


9 OB2 = /04A/ (OSHB) 05- /TXA/ 


Box 3. Flip-flops D1 thru D8 which are used as the input-output register 
are zero set by (OCL): 


9 D1 D8 = (OCL) 
Additionally, OB3 and PP flip-flops are one set: 


1 OB3 = /KIO/ OB3- OB2- 
1 PP = /KOPC/ OB2- 


Box 4. 


(1) The term TEI is generated whenever the SDR reads an information: line 
from the program tape and will cause 0B4 flip-flop to zero set which 
allows loading of the input-output register (D1 thru fetal See 
figure 4-52 for generation of TEI. 


0 OB4 = *TEI OB6- OB5- (OWT) 


(2) Term TEI is derived from the SDR term, TR, and is used in conjunction 
with TEI-, a term derived from the SDR term, TR-. These terms, TEI 
and TEI- control OB2 and 0B3 flip-flops which in turn control OB4, 
thereby controlling the input-output register. 0B4 flip-flop must 
be zero set before Dl thru D8 can accept an input. The OB4 flip- 
flop prevents signal bounce from affecting the Dl thru D8 flip- 
flops. See figure 4-51 for analysis of input signals and effect on 
OB3 and OB4 flip-flops. 


T™: 9*1220-221-34/1 


TC MECHANICAL READER OR KEYBOARD SEQUENCING TERMS. TC IS TRUE SHORTLY AFTER AN I- 
LINE IS TRUE. TC-IS TRUE PRIOR TO I-LINE GOING FALSE. 


TC- 


TEI WITH SOR AT JOI7 TEI IS TRUE WITH ANY I-LINE TRUE. WITH EXTERNAL INPUT EQUIPMENT 
THIS TERM CAN BE SET TRUE WITH A SWITCHING DEVICE. 


TeI- WITH SDR AT JOI7 TEI- 1S TRUE OURING READING OF A SPROCKET ,OR CLOCK ONEACH I-LINE. 
WITH EXTERNAL INPUT EQUIPMENT THIS TERM CAN ALSO BE SET TRUE WITH A SWITCHING DEVICE 


TEO 


-FEEDBACK FROM AN OUTPUT DEVICE 
TEO- ——_ 


TC | 
+ TEO T 


SIGNAL 
BOUNCE 


SIGNAL 
BOUNCE 
PERIOD 


PERIOD 
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Figure 4-51. Input Information Line Breakdown. 
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4-54. INPUT-OUTPUT MODE OF OPERATION--Cont inued 


“TO VOLTAGE -3V1 
CONVERSION CCT A A 
-3v__s oe 
eh) F30 206 B30 
FIELD DATA 
oy STE wn ta p= cTT 337A2 
ia BIS 1CP7 
| | : 
Aaa 
MRTT © 337 
£ TeceTyPet |! ee aepE 
| IF BIO [> 2! 
i aes oy . e)- 1X! 
sieves ses ¢ —EBPR Att aks 234436 
| START | $b 407 ro APG 
H5V +15V 
es v 215810 
Sueus 7 -GPRC- | Al2 Als AI3 OK 
| GPR- 
| 40s | 315862 | 
GE 
COMPUTE | 
| 
| 
- .o, tiSV tI5V 
HALT GPH- gD 
1 . TO16-x 
A63 B63 403 
B60 
_|_ @-18v 


ARR 80-1262 


Figure 4-52. SDR To M18 Computer Input Cable (sheet 1 of 3). 
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BE B7 A56 
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TR- S se aa >) 404 04-4 TEL- 
A55 J 
$4 AS4 213863 g0B3 
-I8V 


ON 
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CIRCUIT rer B44 B43 B19 ee 


oe (eee 402 


mies 
TEIP 407 ed , | 


R BIO pd 
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Figure 4-52. SDR To M18 Computer Input Cable (sheet 2 of 3). 
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4.54, INPUT-OUTPUT MODE OF OPERATION--Cont inued 


224 — ASO 
Te 216A44 1Mc 04 
7 | /KOP 
y FBi0 402 . 402 0 C/ 
B44 B43 082 
) 206 o85-082- 0B4- 
y[ROYO_ 402 aoz__|p, 454 
548 ——< B46 206 _ 
208 /KOPC/06- 04 
7 [PEOO 402 402 __ PEO __210 pp 
B40 B39 ~ BIS 
334 OP3-OP2- OP! 
OPL40 401 q 401 fora 24 
4 | B34 B32 OPL4 3344,. 
| | B54 
a 333% 
5 [OPL SO ee frus sig WI OP! 
= = 33¢ OPS op2- 
| 332%y7 
= |OPL60 401 401 B54 
A34 OP3 OP2 OPI- 
F251 403 403 F25 226 
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: Bi2 > Bri aig 1C7 
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KK A56 1C7 
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Figure 4-52. SDR To M18 Computer Input Cable (sheet 3 of 3). 
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f. Box 5. 
(1) The input-output register can be loaded: 


1 Dl = *I1 (OSA) 
1 D8 = *18 (OSA) 


NOTE 
Refer to figure 4-52 for I-line generation from SDR. 


(2) With TEI- present, OB2 will one set: 
1 0B2 = OB6- OBS- /KIOS/ 
g. Box 6. 


(1) Flip-Flop PP is zero set for teletype- -sector track or field data- 
sector track character comparison. — 


@ PP = (OTR) /04A/ 


(2) At this time if the input characters were field data, OB3 would zero 
set: 


, 9 OB3 = CP7- /04A/ 02- /TRS/ (0G0) /BL4/ 


(3) Field data-sector track character comparison will not be discussed 
here because it is similar to teletype-sector track character com- 
parison, which is discussed in paragraph 1. 


h. Box 7. Because T15 thru T19 of the sector track contains the teletype 
7 comparison information, OB3 must be zero set to indicate this time: 


9 0B3 = CP7 /04A/ 02- /TRC/ (BL4) (0G0) 
Term /TSH/ is now true. 
/TSH/ = K- E= D- AK DSP- 0B3- OB2 TP- TD- TX- 
i. Box 8. 


(1) Teletype character in the input register, which is being recircu- 
lated, is compared with the sector track teletype codes for legiti- 
macy. See figure 4-53. 


(2) The computer will accept 16 field data characters and any character 
other than one of the 16 will be ignored. See table 4-21 for input/ 
output characters acceptable to the computer. In that the sector 
track teletype and field data information is written in two's com- 
plement, inverse comparison must be made between S, the sector track 
read flip-flop, and flip-flop Dl of the input register. The follow- 
ing shows the agreement and disagreement conditions. 7 
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4-54, INPUT-OUTPUT MODE OF OPERATION--Cont inued 


SECTOR TRACK 


ADDRESS READ HEAD RECIRCULATION 
TELETYPE  -—” . 
CHARACTER | 
FIELDATA RECIRCULATE LOGIC 
CHARACTER 106=0! 0B4-PP-/TSH/ 


105= DIS PP-TSO-04-(OSHA) see een 


+DI-S-PP-TSO-04-(OSHA) $05°D6-/TSH/ 
104=D5/TSH/ 084- 
§D4=05-/TSH/084- 
103=084-D4/TSH/ 
$03=084-04-/TSH/ 
102= 03 CL6-/TSH/ 
gD2= D3-CL6-/TSH/ 
1D1= 02/TSH/ 
g01=02-/TSH/ 


ARR 80-1265 


SECTOR 
ADDRESS > 


NOTE: FIELDATA AND TELETYPE 
CHARACTERS ON SECTOR TRACK 
ARE IN TWO'S COMPLEMENT FORM 


Figure 4-53, Sector Track Input Character Comparison. 


(a) Agreement. With inverse agreement between 715 and 119, flip-flops 
| 05 and PP have been zero set at box 6 and 05 zero set with entrance 
to the input-output mode. At T19, PP will one set: 


| 1 PP = CP7 /O4A/ (T19) /TSH/ 05- 
With field data input: a 
1 PP = CP7- /O4A/ /TRC/ /BL4/ /TSH/ 05- 
If flip-flops S and D1 are inverse from T15 thru T19, flip-flop D8 
will copy the sector track information from T20 thus copying the 


BCD conversion of the teletype code. 


1 D8 
® DB 


S- /TSH/ (00P) 
S /TSH/ (O00P) 04 


(b) Disagreement. If flip-flops S and Dl are the same at any time © 
from T15 thru T19, 05 will one set and prevent the one set of PP 
which prevents reading of the teletype to BCD conversion into the 
input register. | 


1 05 = D1 S PP- TSO- 04 (OSHA) 
+ Dl- S- PP- TSO- 04 (OSHA) 


PP will now remain in the off state. With 05 one set, go to the 
disagree box until T7 when OB3 is one set: 


1 OB3 = (OSHA) 05 /TRS/ (BL6) 
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Table 4-21. 


Teletype Meaning. 


Character 


0, P 
1, Q 
2, W 
3, E 


~> M 

/, X 

Car. Ret. 
Blank 


Tape 


01101 
11101 
11001 
10000 
01010 
00001 


10101 


11100 
01100 
00011 
10001 


code 


11000 | 


00111 
10111 


00010 


00000 


Computer Meaning 


Octal 
mode 


an wo —& WwW HW 


7 

HALT 
COMPUTE 
FILL 
VERIFY 
LOCATION 
CLEAR 
ENTER 
BLANK 


BCD 
mode 


CLEAR 
ENTER 
BLANK 


Binary 
conversion 


0000 
0001 
0010 


0011 


0100 


0101 


0110 
0111 


1000 


1001 
1010 
1011 
1100 
1101 
1110 
1111 
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Computer Input/Output Characters 


Field Data Meaning 


Tape code 


00110000 
10110001 
10110010 
00110011 
10110100 
00110101 


00110110 
10110111 


10111000 
00111001 
00100010 
00100001 
10111101 
11011101 
01000100 
00000000 


Character 


X 


Car. Ret. 


BLANK 


05 also allows the L register to once again Pegi a counting 
sequence up to 16. 


1LC = 
1LP = 
1 032 = 


~ O™ 


KIO/ (TLS) (BL1) 
5 Bo LX- K- LC 
KB-/ LP 


Refer to figure 4-50 and 4-51 which illustrate the L register as a 
At the end of the word time, flip-flop 05 will zero set: 


counter. 


9 05 = 


(KEO) OB3 PP- /TPA/ 
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6454, 


ae 


kK. 


1. 
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INPUT-OUTPUT MODE OF OPERATION--Cont inued 


At T15 of the next word, teletype-sector track character compari- 
son will resume. This word time will bring the character in the 
next sector being compared with Dl flip-flop. If disagreement 
continues, 05 will once again one set and cause the L register 
counter to up its count by one. The comparison by the S and Dl 
flip-flops is continued until inverse agreement is reached, or the 
L register counts to 16. If the L register counts to 16, this is 
indicative of an illegitimate character. At the count of 26 in 
the L register left channel, flip-flop LC is one set, TP is one 
set at the end of that word time, and 05 is one set due to dis- 
agreement logic (Dl and 5 or Dl- and 5-). Under this condition 
return is made to box 1 to begin processing of the next input 


character. 


Box 9. 


(1) If inverse comparison was successful, the BCD code on the sector 


track is copied into the input register. 


S- /TSH/ (00P) 
S /TSH/ (OOP) 04 


D6 = D8- (O0P) /O4A/ /TSH/ — 
D6 = D8 (OOP) /O04A/ /TSH/ 
D5 = D6 /TSH/ 

D6- /TSH/ 


D5 /TSH/ O0B4- 
D5- /TSH/ OB4- 
D4 /TSH/ OB4- 
D4- /TSH/ OB4-— 


Oe De Oe |]D EDO 
J 
on 


ow | 
=~) 
tnnwnnnawn tf tnt t how ot 


1 D2 = D3 /TSH/ CL6- 
® D2 = D3- /TSH/ CL6- 
1 D1 = D2 /TSH/ 
® D1 = D2- /TSH/ 

NOTE 


Flip-flop D7 is not utilized in that only seven bits are copied 
from the sector track. 


(2) At. 726 flip-flop PP will zero set: 


9 PP = /O4A/ /TLS/ /BL4/ /TSH/ | 
Box 10. .Go to box 10 and remain until TP time of the word when: 


1 O0B4 
1 05 


(OSHA) /TPA/ 
(OSHA) CP7 /TPA/ 


Box 11. Reference to table 4-21 will show that the computer uses the 


octal format, digits 0 thru 7, for information purposes. The remainder 


of the 16 characters are used for control purposes. While in box 11, 


the octal character will be loaded into the A register, and shifted left 


in the A register with the processing of each new character. Reference 
to figure 4-54 shows the flow of an input character from a device such 
as the SDR. 


Tape 

code 

11101 
11101 
10000 
11001 
10000 
00111 
11101 
11101 
10000 


15 
14 
13 
I2 


Tl 


Teletype 
meaning 


TELETYPE 


BIBI: 


Table 4-22. Sample Piece of Program Tape 


BCD 
meaning 


COMPARISON OF 
INPUT TELETYPE 
CHARACTER WITH 


Octal 


meaning 


GW jj%PO WwW 


Location 
1 
1 
(3 


AGREE 


SECTOR TRACK FOR 


p|INVERSE AGREEMENT) DISAGREE 


CHARACTER 


A REGISTER 


Tape 


code 


11001 
01010 
11001 
00001 
01101 


. 10000 


11001 
10000 


00010 — 


COPY 
BCD CODE 
FROM SECTOR 


' TRACK AT 


Teletype 
meaning 


re FS #%M 


Carriage © 


return 


| RECIRCULATION 


Figure 4-54. Input Character Flow Diagram. 
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BCD 


meaning 


3 


Enter 


mw OO Om YY & PD 


BCD COUNT 


OCTAL 
COUNT 


INPUT REGISTER 
| HOLDS DIGIT 
O THROUGH 7 


Octal 
meaning 


my Ww OO Mm NM fF PW 


3 


Enter | 


1 AP= DI(KAKI)CL7-/ TOA-/AC 
6 AP= DI-(KAKI)CL7—AC 


ARR 80-1266 
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4-54, INPUT-OUTPUT MODE OF OPERATION--Cont inued 
m. Sample input flow. 


(1) As an example of flow, the following information is shown on a piece 
of program tape (table 4-22). When this instruction is interpreted 
it directs the computer as fol lows: 


(a) Go to location channel 112, sector 123. 


(b) At this location enter next instruction-channel 112, sector 124; 
command 24 (clear and add); and operand addres s-channel 112, sector 


123. 


NOTE 
Refer to paragraph 4-62 for explanation of meaning and formation 
Of computer word. 


(2) The location is the first piece of information processed into the A 
register. Look at the first digit of location 11323. The input 
register would be the following with the digit 1. 


0 0 0 0 QO 
D5- D4- D3- D2- Dl- 


(3) With D4 flip-flop zero set, AC will one set and allow AP to copy 
flip-flop Dl. 


1 AC = D4- /OCT/ 

® AC = AC /TXF/ /DA-/ 

1 AP = Dl (KAK1) CL7- /TOA-/ AC 
@ AP = Dl- (KAK1) CL7- AC 

1 D3 = AX /TSH/ OB4 /032-/ 

@ D3 = AX- /TSH/ OB4 /032-/ 

1 D2 = D3 /TSH/ CL6- 

@ D2 = D3- /TSH/ CL6- 

1 Dl = D2 /TSH/ 

9 D1 = D2- /TSH/ 


(4) The AC flip-flop will remain one set until TXF time allowing Dl and 
AP to copy the first digit of the address into the A register. At 
T27 of this word, the 05 flip-flop will be zero set allowing flip- 
flop OB3 to one set: 


/OSH/ (TLC) 
(OSHB) 05- (04X) 


9 05 
1 OB3 


(5) Return is now made to box 1 to begin processing of the next charac- 
ter, the second digit of the address 11323. This process is con- 
tinued until five octal characters, indicative of the channel and 
sector location address are in the A register. 
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, 4° 0 A REGISTER 


HOLDING LOCATION CODE | 
| RECIRCULATION | 
ILC =/OCT/ (OL4) (D43)(D21-) 
LC oLC = /TPA/ 
| t/KA-/ /TLS/ 
L REGISTER 


RECIRCULATION 


TRC | TRC 


| arenes 
te lisfialisfiziufiofetel7}6]5]4]sf2 qt 


1LP = AX QC- B6-(KLC— ) 
@LP = AX-QC-B6- (KLC) 


L REGISTER CONTAINING LOCATION 
ADORESS 11323 | Sar als A 


| ARR 80-1267 
Figure 4-55. Loading L Register with Location Address. 


(6) Upon receiving a location code, the input register, after inverse 
agreement, would be the fol lowing: 


110 0 
D4 D3 D2- D1- 


This will allow the L register to copy the contents of the A regis- 
ter (fig. 4-55). The following logic will then be effected. 


psy (OL4) (D43) (D21-) 
/TP 

/KA-/ /TLS/ 

AX QC- B6- (KLC-) 

AX- QC-B6- (KLC-) 


uu + tt 


1 LC 
~~ Lc 
1 sLP 
9 LP 
Between T2 and T14 the L register will copy and hold from the A 
register, location address 11323. 
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4-54, INPUT-OUTPUT MODE OF OPERATION--Cont inued 


(7) 
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The next piece of information to be processed will be the 11 octal 


- characters that constitute an operand word or an instruction word. 


Each character of the 1l-character word will be processed into the A 
register in the same manner as the location address. Upon receiving 
an enter code (1110), the contents of the register A will be loaded 
into the N register. The enter code allows CL7 flip-flop to one 
set: 


1 CL7 = (OL4) /OCT/ (D43) D2 Dil- 
At the beginning of the next word, CL2 flip-flop will one set: 
1 CL2 = (KIOC) /TOA/ (0L4) 
CL2 will be used in the processing of the information word into 


memory through control of the R loop. The N register will now copy 
the contents of the A register: | 


1 NC = (KIQC) 04 /TOB/ 
Q NC = /KA-/ /T32/ 
With NC one set: 
1 NP = AX /KB-/ 04 NC /TPO-/ 


@ NP = AX- /KB-/ 04 NC /TPO-/ 
Refer to figure 4-56 for loading of N register. 
It should be noted that the first word of both 16-word loops, R and 


Q, is under the read head when the location address is for sector l. 
For sector 2 location address, the second word of the 16-word loops 


would be under the read head if 16-word agreement. On input by 


character, the R, Q, and D loops are not used. One word time after 
the N register contents are copied into the R loop, the contents of 
the L register, containing the location address, is copied into the 
Q Toop (figure 4-57). 


The QC flip-flop will one set due to the RC flip-flop being. in the 
one state. 


1 QC = /KIO/ RC 04 (ERR-) /TXC/ 
And will zero set at the end of each word: 
~§ QC = 
With QC in the one state, QP will, copy the contents of the L register: 


1 QP = /KB-/ QC LX TP- 
® QP = /KB-/ QC LX- TP- 
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RECIRCULATION 


(OL4) /OCT/ (D043) D2 Di- 
(KIOC) /TOA/ (OL4) 


~—6ACL7 
iCL2 


INC ® (KIOC) O04 /TOB/ 
@NC ® /KA-/ /T32/ 


INP = AX /KB-/ 04 NC /TPO-/ 
 gNP = AX—/KB-/ 04 NC / TPO-/ ARR 80-1268 


Figure 4-56. N Register Loading. 
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4-54, INPUT-OUTPUT MODE OF OPERATION--Cont inued 


(11) 


(12) 


4-128 


= ai 


" me 


1QC = /KIO/RC O4(ERR-)/TXC/ 

gQC=TP 

,QP= /KB-/QC LX TP- 

gQP=/KB-/QC LX-TP- ARR 80-1269 


Figure 4-57. Copying of Location Address Into Q Loop. 


When the Q loop copies the contents of the L register, a1 is always 
written in the Tp bit position of the Q loop word to indicate Storage 


of the word in main memory : 

1 QP = (KAK1) QC TP 
The contents of the R loop are copied into the D loop continuously 
(fig. 4-58). 


While the R loop has been recirculating the word, or loading the 
word into the D loop, the Q loop, which contains the location address 
of the word in the R and D loops, is copied into the I register. 


This is done to allow 128-word writing agreement between IP + 2 and 


S. Flip- Flop IC one sets every word time through: 
= /KIO/ /T0B/ 
And zero sets at 718 or TP of the word: 
9 I uae /TOP/ (KAK1) 
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,0C=/KIO/ (OL4) /TOB/ 
gOC=/TPA/ 
|OP=/KB-/DC RX 
gOP=/KB-/0C RX -/TOB/ 


ARR 80-1270 


Figure 4-58. D Loop Copying the R Loop. 


(13) With IC one set, the IP flip-flop will copy the location address 
contained in the Q loop: 


1 IP = QX (KAK1) IC 
@ IP = QX- (KAK1) IC 


See figure 4-59 for loading of the I register. Flip-flop ID in the 
zero state will indicate 128-word writing agreement and will allow 
the word contained in the D loop to be loaded into main memory (fig. 
4-60). ? 

(14) Flip-flop MN will copy DO continuously: 


1 MN = /KA-/ DO MC 
@ MN = /KA-/ DO- MC 
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4-54, INPUT-OUTPUT MODE OF OPERATION--Cont inued 


QP Q0 ox 


ele efx 


1IC = /KIO/ /TOB/ 
giC= /TOP/ (BL6) (KAK1) +TP 


pIP=QX(KAK1)IC 
gIP=QX- (KAK1) IC ARR 80-1271 


Figure 4-59. Loading I Register. 


)>MWi = /MNA/(KW)/TPO-/ 


| MN= /KA-/ DO MC 
1MWO=/MNA-/(KW)/TXP-/ 


gMN=/KA-/ DO-MC 
ARR 80-1272 


Figure 4-60. Main Memory Loading From the D Loop. 
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4-55. BIT COUNTER SYNCHRONIZATION 


a. Sequential Timing. 


(1) Initial turnon of the computer causes generation of the TD signal 


(2) 


which places the computer in the sync bit counter mode (fig. 4-46). 


1 AK = *70 
1D = *T7D 
PE = *TD 
OK = *TO 


Refer to figure 4-61 for the makeup and the prescribed count of the 
bit counter. | | 


Flip-flops Bl thru B6 comprise the bit counter and are controlled by 
the timing flip-flops TO, TX, TP, and TSO. To show the sequencing 
of the bit counter assume energization of the computer causes the 
timing flip-flops to be at random and Bl thru B6 to be in the con- 
figuration shown in table 4-23. 


b. Synchronization of Bit Counter. 


(1) 


(2) 


Once the bit counter comes into the proper counting sequence, it 
must now synchronize with the sector track on the memory disk. 
There are 128 sectors or word locations on each of the 64 main 
memory channels and are numbered octally 000 thru 177. The sector 
track tells the computer what sector on the disk is passing under — 
the read or write heads at any given time. Each sector on the 
sector track contains the address of the next sector at T2 thru T8, 


and T20 thru 726. In addition, the two's complement format of the 


16 acceptable teletype and field data characters are contained on 
the sector track for comparison with input characters. The require- 
ment of two's complement for character designation on the sector 


. track will be discussed during sector track-bit counter synchroni- 


zation. 


As shown, the first four bits of each sector are the same except 
sectors 036, 076, 136, and 176. In that the highest location address 
is 177, seven bits are satisfactory for addressing. The field data 
and teletype information, during input-output mode, is compared with 
the two's complement of that information on the sector track. Table 
4-21 shows the character seven being 110111 in field data and 11100 
in teletype. In two's complement it takes the form shown in sector 
026. It might be noted that bits 8 and 7 of the field data code are 
utilized for parity and timing and are not considered on the sector 
track. Sector track information is read from memory by read flip- 
flop S. | 


During the synchronizing phase, the TO flip-flop will be control led 
by the S read flip-flop. Flip-flop TO will one set each time the S 
flip-flop zero sets. | | 


1 TO = /KD1/ E- /AKA/ S- TO- 
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4-55. BIT COUNTER SYNCHRONIZATION--Cont inued 


B6 85 B4 B83 B82 BI 


| 86 = B6-(B5 B3 B2 -Bi-) TO- 
6B6 7T32/ 


+ /TOA/ 

185 =(TBS) /BL4/ TO-. 

gB5 =(B5 B83 B2-BI-) 
+/TOA/ 

184 = BS-/BL4/ TO- 

$B4 =(B5 B3 B2-BI-) 


OPERAND 
SECTOR 


; 
Kr 
xs 
[o- 
a 
a 
Ey 
cs 
fs 
o 
i 


+ /TOA/ 
7 1B3 282 
+ /TOA/ 
$83 =82-TO- 
GpeRaND 182 =82-BITO- | 
CHANNEL 982 =Bi- 
+/TOA/ 


(BI =83 -BI-TO- 
gBl = (TBS)83-8! 


| 15 +83 B2 
OPERATION 
Safoll 16 | +B82/TOP/ 
17 t/TOA/ 


NEXT 
INSTRUCTION 
SECTO 


INSTRUCTION 28 ITP 2/T32/ ITO *(TXS) 
CHANNEL 3 eTP =/TPA/ + /KDI/ €-/AKA/S-TO- 
aT02/TOA/ 
Eq ITX =/TPA/ 
| SIGN, | [32° eTX s(TXS)  ITSO#(TLC)(BLE) 
| Po gaTSO2/TOA/ 
ARR 80-1273 


Figure 4-61. Bit Counter Configuration. 
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Table 4-23. Sample of Bit Sequencing. 


Bit counter Logic Timing Flip-Flops. 
Be 4OBS)~SsC«éiBASts«éi@S3Ss*«<*i* RSCS*«*iRiY;C*«STURNON Ts. «TP OX. «TO 
oO 1 +O 12 0 1 182=B82-B1T0- 0 0 o 0 
0 1 #O OO 1t 1 §B3=B2-TO 0 0 0 oT 
0 1 0 1 1 1 1 B3 = B2 0 0 oOo 0 
oO 1 0 2 1 © Bil =B3 B2 0 0 oOo 0 
Oo 21 OO 1 +O 0 82 =8)- 0 0 o oO 
0 0 0 0 0 O #83 = B2 TO- 0 0 0 oO| 
0 0 0 6 0 12 181 = B3 Bl- TO 0 0 oOo 0 
0 0 oO 0 0 0 oOo 0 


] 1 1B2 = B2- Bl T0- 


*Bit counter in an improper counting sequence. 


**Bit counter in proper counting sequence (Tp time). 


(4) When TO is one set, the bit counter will go to Tl through: 


Q B6 = /TOA/ 
@ BS = /TOA/ 
Q B4 = /TOA/ 
1 B3 = /TOA/ 
9 B2 = /TOA/ 
§ Bl = /TOA/ 


(5) This action will take place for each zero read from the sector 
track. There is only one sector on the sector track that will allow 
Synchronization of the sector track with the bit counter. Table 4- 
22 shows that sector 176 contains ones with the exception of TXF and 
TXS. TO will be one set at TO time due to the zero at TXS time. At 
Tl, the TO flip-flop will zero set. : 


9 TO = /TOA/ 
(6) At Tl time, the bit counter will begin counting and continue through 
the remainder of the word due to TO not one setting again until the 


next word. The sector track is now in synchronization with the bit 
counter. | 
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4-56. INPUT DEVICE SELECTION 
a. Control of Input. 


(1) Input device selection is controlled by the 0B6, 0B5, and 04 flip- 
flops. At computer turnon: 


@ OB6 = (KED3) 
9 OBS = (KED3) 
1 04 = (KED3) 
Figure 4-62 shows that the input plug is selected at turnon of the 
computer. : 
086 
OUTPUT OUTPUT 
7 FO TT | 
om | * TEO = MAG TAPE 
* TEI = PHOTO READER 
* TC = KEYBOARD * 
MECH READER 
085 


KEYBOARD MECHANIC AL 
READER 
04 
| INPUT 
MAG PLUG 
| TAPE (PHOTO 
READER 
ARR 80-1274 © 


Figure 4-62. Input Device Selection Veitch Diagram. 


(2) At times it may be desired to use the keyboard or mechanical reader 
units to input short routines or other information. These units may © 
be energized under program control, or through external means. When 
energized externally, the SDR must be connected to the computer or | 
provisions made to simulate the GPRC-, GPHC-, and FBPR signals; see 
figure 4-52, 
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b. Energizing of Input Unit. 


(1) 


To energize the mechanical reader or keyboard unit, the SDR is © 

cabled to J017, and the COMPUTE switch on the SDR is placed in the 
HALT position. Depression of command switches RECALL or SET UP on 
the FADAC front panel will energize set up lines Sul and SU2 (fig. 


4-30). This action will one set OB5: 


(2) 


(3) 


1 OBS = /KD1/ *SU2 


Flip-flops OB6 and 04 will not change; figure 4-62 shows the mechanical 
reader as the selected device. Depression of the START FADAC button 
on the SDR will complete the logic requirements necessary to energize 
the mechanical reader, and the IN-QUT indicator. See subparagraph c 
that follows for detailed discussion of the mechanical reader. | 
Depression of the TRIG or RECEIVE switches on the FADAC front panel 
will energize the SU2 and SU3 set up lines (fig. 4-30). These terms 
true will: 


1 OBS = (KD1) *SU2 
1 0B6 = (KD1) *SU3 


Flip-flop 04 will remain one set; figure 4-62 shows the keyboard as — 
the selected device. Depression of the START FADAC button on the 
SDR will provide logic necessary to allow keying of data through the 
keyboard. See paragraph d below for detailed discussion of the 
keyboard. | | 


c. Mechanical Reader as an Input Device. 


(1) 


(2) 


(a) 


The mechanical reader is a plug-in type tape reader using a rotary 
solenoid as a driving force for tape feed. In the Soroban-manu- 
factured tape reader, reading contacts close during the solenoid 
energizing stroke and remain closed until the solenoid is deener- 
gized. Tape advance occurs during the solenoid deenergizing stroke. 
The following logic requirements must be met: 


*MRL OB4.~—Ss«OB2- ~—S—s/KOPC/ 
0B5  OB6- 04 | 


The control and stepping of the solenoid is provided by flip-flops 
OB4, O0B3, and OB2. To energize the solenoid the computer must be in 
the input-output mode, and is accomplished by the fol lowing: 


After turnon, the computer will go from the program halt mode to 
the manual halt mode when the SDR is connected to J017: 


@ E = GRP- (KED3) AK- 


Depression of the RECALL switch on the FADAC front panel will one 
set OB5 and zero set OB2: 


1 0B5 = /KD1/ SU2 
9 0B2 = /KD1/ SU1 


See figure 4-30 for generation of SU terms. 
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4-56. 


INPUT DEVICE SELECTION--Cont inued 


(c) Depression of the START FADAC button on the SDR will one set CP6: 


1 CP6 = /KD1/ (EAKO) *FB /TPA/ 


(d) Flip-flops E and D will: 


(ie 3 
gD 


/KD1/ (EAKO) CP6 
/KD1/ (EAKO) CP6 


(3) The computer is now in the input-output setup mode and will go to 
the input-output mode after the L register counter completes a 17- 


word count. 


register as counter. 
/KOPC/ will be true (-6 volts). 


Refer to paragraph 4-53 for an explanation of the L 


Once in the input-output mode the logic driver 


/KOPC/ = K- E- D- AK PS- 


Figure 4-63 shows the logic and circuitry necessary to energize the mechanical 


reader drive solenoid. 


CIRCUIT BOARD 


3 
OB5 A48 
0B4 A49 D B55, 


0B2-A49 


/KOPC/ A25 


O04 A26]. \A24 
OB6- A27 


*MRL IS — 1OV FOR VOLTAGE MONITORING 


PURPOSES, THE REMAINING LOGIC IS -6V. 
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10l 


POWER 


B38 MRGO!I B84 


CONTROL|B57 MRGO® BI 


8 
\ 


Ql 


140 


CAPACITOR 
ASSY 


¥, 
a 


134 


RECTIFIER 
ASSY 


Figure 4-63. Mechanical Reader Logic. 


Jo2ilp2 
AZ 29|29 


FRONT 
PANEL 


MRGOS 


20 


MECHANICAL 
READER 


-32V 


ARR 80-1275 
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(4) The term MRL is true when the tape is properly positioned in the 
mechanical reader. Flip-flops 04, OB6, and OB4 were set in the 
required states at computer turnon. Flip-flops 0B5 and OB2 were set 
in the required states by the RECALL switch. With MRGO in a true 
state (-6 volts), the switch amplifier circuit on the power control 

-C board will turn on Ql on the capacitor assembly board and energize 
the solenoid in the mechanical reader (refer to section VII and — 
reference appropriate schematic). Figure 4-64 shows the makeup and 
the logical terms generated by the mechanical reader. 


(5) The following describes the terms corresponding to the mechanical 
reader connector pins. | 


(a) MRL. With a piece of tape under the tape contact arm and wheel, 
| switch S12 will close and provide a true output of -10 volts. 


(b) TC. This term is true (-10 volts) when switch S9 is energized 
through solenoid advancement. 


BROWN, RED 


RI | 
30.0. RED PI 
EY F's 20 MRGOS 
S BLACK | . 24 
CRI ! 
| =e a Ce BLUE 1» 33 TCR- 
43UF: Exe35OM JSOLENOID'Si1 Biack SIO > 36 -32V 
6 VIOLET RTc | 
ee 
YELLOW } . Fe 7 
| 
59 i Rcc 
Pp CCCSCSCRANGE— |_> 18 
BROWN, GRAY Se eens eee me 2 
BLACK, GRAY LS 90 
{ 
BROWN, VIOLET > 2 12C 
Se : BLACK, VIOLET | 23 
| 
| BROWN, BLUE L> 3 13C 
33 BLACK, BLUE ! 24 
| 
BROWN, YELLOW L> 4 14¢ 
S4 : BLACK, YELLOW | ! 25 
| 
| BROWN ORANGE > 5 I5C 
$5 ai BLACK, ORANGE | 26 
| 
ome tas __BLACK, RED | 27 
| 
BROWN, BROWN —t»7 I7C . 
S7 : BLACK, BROWN ! 28 
| 
BROWN, BLACK '>g 18C 
$8 | BLACK, BLACK | 29 
| 
ipocitmipesney BLACK 1 > 31 
eg = Fs : = EG ARR 80-1276 


Figure 4-64. Mechanical Reader Diagram. 
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4-56. 


d. 


INPUT DEVICE SELECTION--Cont inued 


(c) MRGOS. An output from a switching circuit resulting from logic 


necessary to energize the mechanical reader. 


(qd) TCR-. This term is controlled by S10 and will be false (0 volts) 


during the reading of a hole in the tape. When the mechanical 
reader solenoid deenergizes, this term is true (-10 volts). 


(e) -32V. Solenoid energizing voltage. 


(f) -10V. Logic voltage. 


(6) 


(7) 


(10) 


When the START FADAC button on the SDR is depressed, the mechanical 

reader will energize and read the I-lines on the tape. The I-lines 

are true (-10 volts) during the solenoid advance. At the same time 
the term TC will be true (-10 volts) and cause flip-flop 0B4 to zero 
set: | 


@ OB4 = *TC (OWT) 


Figure 4-63 shows that 0B4 must be one set to allow energizing of 
the solenoid. With OB4 zero set, 01 on the capacitor assembly board 
will cut off, causing the solenoid to deenergize. The TCR- term) 
will now be true at -10 volts and cause OB2 to one set and 0B3 to 
zero set: 


1 OB2 
Q OB3 


*TC- OBS 04 /KIOS/ 
*TC- 0B5 04 (OWT) 


To reenergize the mechanical reader solenoid, flip-flops 0B4 and 0B3 
must one set and OB2 must zero set. The OB3 flip-flop will one set 
after 16-word agreement or disagreement: 

1 OB3 = (OSHB) 05- (04x) (agreement ) 
+ (OSHA) 05 /TRS/ (BL6)(disagreement) 


After 16-word agreement or disagreement has been determined, flip- 
flops 05 and OB2 will zero set: 


9 05 = (KEO) OB3 PP- /TPA/ 
® OB2 = /04A/ /TXA/ (OSHB) 05- 


The logic necessary to energize the mechanical reader solenoid is, 
again present and will allow the solenoid to advance the tape to the 
next character where the above action will] resume. 


Keyboard as an Input Device. 


(1) 
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The FADAC keyboard provides a manual means for entering information 


into the computer. The keyboard consists of 17 keys, 15 of which 
provide a field data code. output. The remaining two are set up 
Switches. When the computer is in the keyboard entry mode, depres- 
sion of the key sets up the field data code on the I-lines con- 
trolled by the particular key that has been depressed. Inputting 
through the keyboard unit follows much the same scheme as with the 
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mechanical reader. The keyboard unit can be program controlled or 
externally controlled. With the SDR connected to J017, the computer 
will go to the manual halt mode. To energize the keyboard, the 
RECEIVE switch on the FADAC control panel is depressed. See figure 
4-30 for generation of SU terms. This will cause flip-flops OB5 and 
OB6 to one set and OB2 to zero set. 


1 OB6 = /KDI/ SU3 
1 OBS = /KD1/ SU2 
§ OB2 = /KD1/ SU1 


(2) Depression of the START FADAC button on the SDR will one set the CP6 
flip-flop causing flip-flop E to one set and D to zero set. 


1 CP6 = /KD1/ (EAK@) *FB /TPA/ 
1£E = /KD1/ (EAK®) CP6 
9D = /KD1/ (EAKG) CP6 


(3) The computer is now in the input-output setup mode and will go to 
input-output after the L register counter completes a 17-word count. 
Refer to paragraph 4-53 for an explanation of the L register as a 
counter. Once in input-output mode, logic driver /KOPC/ is true (-6 
volts). Depression of the START FADAC button also energizes the 
keyboard and IN/OUT indicator on the front panel. See figure 4-47 
for the IN-OUT indicator schematic, and figure 4-65 for the keyboard 
lamp circuit. | 


MAIN FRAME 7 FRONT PANEL 


| 
| 
| 
| 
04 
OB6 
OB5 3 wes +1382 
/KOPC/ | OS iO 

| KEYBOARD 
| 
| 
| 
| ARR 80-1277 


Figure 4-65. Keyboard Lamp Circuit. 
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4-56. INPUT DEVICE SELECTION--Continued 


_ (4) The keyboard is enabled through the term KGOS. Figure 4-66 shows 

: the logical and electrical makeup of this term. The term KGOS is 
"anded" with keyboard I-line terms to generate I-line information to 
the input register (Dl thru D8). (See table 4-24 for keyboard | 
coding.) The input register flip-flops (Dl thru D8) are set by the’ 
following logic when the mechanical reader or keyboard is used: 


1 :(D1 = 11C OB2- 
1 D8 = I8C OB2- 


| NOTE 
X indicates a true condition. The SM and RECALL keys generate SU 
line terms. 


BOARD 441 
= 


ARR 80-1278 


Figure 4-66. Keyboard Logic Diagram. 
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Table 4-24. Keyboard Coding 


Key 
function. 


— 
a | 
4 


I 


— 
— 
W 
eo 


>< >< >< >< >< 


Left Down 
Drop 
Right Up 
Add 
Decimal 
Point (.) X 


CLEAR. ye 
| ENTER 


4 
>< ~< >< >< >< >< — 


(5) On input by character, which is the case when using the keyboard, 7 
the flow of information is from the input register into the A register; 
then from A register to the N register. The Q loop and R loop are 
not used during character input. Figure 4-67 shows the terms and 
voltages used with the keyboard unit. 


(6) The following is a description of the terms corresponding to the 
keyboard connector pins: 
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4-56. INPUT DEVICE SELECTION--Coxtinued 


(a) TC. This term will be true just after a key is depressed on the 
keyboard. It will remain true for approximately 25 milliseconds 
after the key is depressed, then turn false. 


(b) TCK-. This term will be false approximately 5 milliseconds before 
TC is true, for the duration of TC and 5 milliseconds after TC 
turns false. At any other time TCK- is true. 


(c) I1C thru I8C. Information line outputs from keyboard circuits. ° 


| 


TC 


| ‘ 
' | 
| 9 | 
AND l 
TCK | | 
CIRCUITS ee a 
ie, -32V « 
Ss ae 
K | 
4s aa 
| 
‘on sak 
C | 
(oe ea 
R | 
7 eS 6 
U | ; 
12 a 
2 oa are 
)}—> 3 
| 


8 | Ic8 
13 | KGos 
16; SM 


19 | RECALL 
4————{ 14 | Gnd 
ee | IS | Gnd 


—— 23| -1ev 
+ 11 | -10v 


ARR 80-1279 


Figure 4-67. Keyboard Unit Diagram. 
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| | NOTE | 
The wave shapes in figure 4-68 represent the timing sequence 
of the above Signals. 


(dy) KGOS. The keyboard enable term. This term is controlled by logic 
generated by a programmed instruction or an external device. 


(e) SM. A set up switch not associated with keyboard logic. 
(f) RECALL. Same as SM key. 

(g) -32V. Keying circuits voltage. 

(h)  -18V. Reference and driver voltage. 


(i) +-10V. Logic voltage. 


Tc fF Lo 


TCK- | | TRUECIOV) 
| | TIME REQUIRED TO 
| CONSUME SIGNAL 
BOUNCE 
= —- 
ric —rec | t TRUE (-10V) 


ARR 80-1280 


Figure 4-68. TC, JCK-, and I1C to I8C Wave Shapes. 


¢ 


e. Matrix Unit as Input Device. 


(1) 


The matrix unit consists of 64 indicating windows, each’ i] luminated 
by a lamp module containing a single removable lamp in series with 
a single removable diode. The lamp module lights when two associated 


- matrix selection switches are depressed. Additionally, a logic term 


is generated corresponding to a program parameter. Figure 4-69 
shows the makeup of the matrix unit. 


Tems with an F-line designation are generated through the depression 
of the switches and are so shown in table 4-25. 


34/1 
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Matrix Unit Diagram. 


Figure 4-69. 
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Table 4-25. F-Line Versus Switch Selector 


Switch Terms Switch Terms 
A Fl | 1 | Fl 
B F1 F5 2 Fl 
C Fl F6 3 F1 F3 
D F1 F5 F6 4 Fl F2 F3 
E FLF7 5 Fl F4 
F F1 F5 F7 | 6 | Fl F2 F4 
G Fl F6 FI 7 FL F3 Fa 
H Fl F5 F6 F7 8 Fl F2 F3 F4 
Weapon 1 or 2 F8 
Battery A FQ 
Battery B F10 
Battery C | Fll 
Battery D Fl2 
Battery E | F13 


f. Input Cable. The cable connected to J17 is the input cable to the 
computer from the SDR. This cable and associated logic pertinent to 
input are shown in figure 4-52, | 


4-57. TROUBLESHOOTING DURING INPUT 


a. Table 4-26 shows some tests that may be conducted to check input oper- 
ation. 


b. During input through the keyboard, the A, L, and N register contents 
may be monitored using an oscilloscope. Utilization of an improvised 
template made according to figure 4-70 and placed over the face of the 
oscilloscope will allow observation of the bits of input data being 
processed through the A, L, and N registers. Using a dual trace oscil- 
loscope trigger with the output of the TP flip-flop and use TX as the 
reference for a word length. The TP flip-flop can be obtained at J016 
pin C. TX (/TXC/) can be obtained at JO15 pin KK. See figure 4-70 
for TP pattern. ‘ 
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4-57. TROUBLESHOOTING DURING INPI'T--Cont inued 


Table 4-26. Input Operation Testing Chart 


Condition : Circuit Test 


The computer is in program Flip-flops AK, K, 02, 03, Zero set 
halt mode (POWER READY 05, OB5, and CP6. 
indicator is lit). 


Flip-flops D, E*, 04, OB2, One set 
OB3, and OB4. : 


Input through the mechani- Control logic and circuits. Refer to figures 
cal reader. | 4-63 and 4-64 
for voltage moni- 
toring points. 


Mechanical reader switch Figure 4-64 shows 
contacts. the connector 
| | pins of the 

mechanical reader. 
Manual advance- 
ment of the sole- 
noid will allow 
ohmmeter monitor- 
ing of logic and 
I-lines switch 
contacts. 


Input through the Control logic and circuits. Refer to figures 

keyboard. | | 4-66 and 4-67 — 

| for voltage moni- 
toring. 


Output logic and circuits. Rapid successive 
depressions of 
the keyboard 
keys will allow 
voltage moni tor- 
ing of the 
I-lines and con- 
trol logic at 
the input of Dl 
thru D8, OB2, 
0OB3, and 0B4 
flip-flops. 


*Flip-flop E will be zero set if the computer is in manual halt mode. 
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TRS fae TOP TLS TLC 
DS TOp Es see Poh Tels ehelelr Te aaa SAREE Ti 


SBERAND ADORESS cope NEXT INS TRUCTION ADDRESS 
RS es SS es 


To! 
: 


FLAG 


Tx 


CHANNEL | | | 
A / Txc/ = Tx CAN BE OBTAINED AT JOIS PIN KK 


Tx TxsTo TIT2 T3 T4 TS TE THTB TI TIO TH TI2 TI3 


CHANNEL 


ADAC 
CHANNEL Il2 SECTOR 123, => OCTAL 
| | | li323 


ARR 80-1282 
Figure 4-70. Oscilloscope Template and Patterns. 


NOTE 
Computer word format is detailed in paragraph 4-62. 


—¢. Figure 4-70 also shows the oscilloscope presentation when monitoring AP 
flip-flop at board 320 pin B28. Channel A of the oscilloscope displays 
the TX bit and can be obtained at J015 pin KK. Keying in of the address 

11323 is shown in binary form, as monitored using channel B of the 
oscilloscope in figure 4-70. Depression of the decimal point (.) key 
on the keyboard will transfer this address from the A register to the L 
register and can be monitored at LP on circuit board 239 pin B28. 


d. Troubleshooting of the matrix unit can be done using figure 4-69. 
Table 4-27 provides pin number and corresponding logic term found on 
the front panel to main frame interconnect ing cables. 


e. For troubleshooting of the logic, involving the front Pe lamps, use 
figure 4-71. 
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J20 =| PI 


K Bé6I 7 | 


CLC- B63 COMPUTE 


IN/OUT 


KEYBOARD 


POWER 
READY 


TRANSIENT 


TEMP 


NO 
SOLUTION 


PARITY 


OFLO 8658 


MOSC B59 ERROR. 
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Figure 4-71. Front Panel Logic Diagram. 
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J021 to P2 


Pin JO18 to P5 J019 to Pé 3020 to Pl 
1 Pwr Gnd CD1 1382 Spare 
i | wires 
2 AD1 cD2 NE1 Mechani- 
cal read- 
er 
3 AD2 003 NE2 
4 AD3 cD4 NE3 -18V 
5 AD4 CD10 NE4 Spare 
wires 
6 BAD CD11 NE5 Keyboard 
7 CDA CD12 NE6 
8 CDB CD13 NE7 
9 cDc CD14 NES 
10 CDD CD15 NES -10VC 
11 CDE CD16 NLC ~10VD 
12 coy C017 -62 ~32VA 
13. CDP CD18 6VACI ~32VB 
14 FS CD19 6VAC2 Su3 
15 FQ. CD20 6VAC3 SU3- 
16 F9- CD21 SPARE Shd Gnd 
17 F10 cp22 SPARE Ch Gnd 
18 F10- CD23 -10VB 11C 
19 F11 CD24 SER 12C 
20 Fll- CD25 Sul 13C 
21. F12 CD26 su1- 14¢ 
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4-57, TROUBLESHOOTING DURING INPUT--Cont inued 


Table 4-27. Front Panel to Main Frame Wiring--Continued 


Pin J018 to P5 | JO19 to P6 J020 to Pl JO21 to P2 

22 Fl2- CD27 | SU2 I5C 

23 F13 CD28 SU2- 16C 
24 Fy3e cp29 suasst—<—~siC 

25 SAX CD30 su4-  18¢ 

26 SB CD31 SUS TC 

27 Sc CD32 SU5- TCR. 
28 SD (CD33 SUE — TCKe 

29 SE CD34 SU6- MRGOS 

30 SF 63s SU7 —— KGOS 

31 «$6 (036 su7- SU 

32 SH CD37 Pwr Gnd  $u0- 

33 Sl CD38 P Off | Pwr Gnd 

34 $2 cD39 Ne 

35 $3 CD40 Ph AA* 

36 S4 cha. Ch Gnd* 

ae S5 CD42 Shd Gnd 

38. S6 CD43 

39 S7 | cD44 

40 a: CD45 

41 -10VA CD46 

42 +15V CD47 
43° CD48 

44 cag 
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Table 4-27. Front Panel to Main Frame Wiring--Continued 


Pin JO18 toP5 —=—-JO19 to P6 J020 to P1 —S«- 021 to P2 
45 
46 
47 
48 Matrix 
49 Spare Spare 
7 Wires 3 Wires 
50 
*Shielded wires, 
4-58. OUTPUT 


a. General. 


(1) 


Primary output is to the visual display (nixies) on the front panel. 
It is also possible to program the output to other external devices. 
Output information can be either five-level teletype, two-wire 


teletype, or field data. 


Output, like input, is by character or by word. In character output, 
the A, L, and N registers are used; in word output the A, L, N, R, 
and Q loops are utilized. Unlike input, output is program-control led 
only. .The following shows the purpose of the flip-flops utilized 
during output: 

DSP. Controlled by the program instruction for display. 


DSH. DSH along with DSP will control the shift of information 
from the D loop into the display register. 


D1 thru D8 and DA1 thru DA8. Display register. 
OB6. Output device selection. 


OP1 and OP3. Three-bit counter to determine output line to be 
used. Counts currently used are shown in table 4-28. 


X1 and X2. Comprise quadrant counter; sector track controlled. 


XD. Display delay. 
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Table 4-28. Input/Output Count Codes 


Location Purpose Count — Location Purpose 
JO10 Two-wire teletype 5 J017 Input device 
JO10 Output device 6 J017 Input device 
J010 Output device 7 Front panel 
| NO SOLUTION 
JO17— Input device indicator 


Output via Nixie Display. 


(1) 


As mentioned earlier, the primary output is to the nixie display. 
The nixie display is a programmed visual display in which output 
information converted to BCD characters, is stored in the two-word D 
loop and displayed. This display consists of 17 tubes and 16 neon 
lamps used as decimal points. The sign nixie assembly does not 
contain a neon lamp. The battery nixie is not part of the D loop, 
but is wired into display which battery button, A, B, C, D, or E, is 
depressed on the matrix unit. See figure 4-72 for relationship 
between D loop and nixie display. 


Nixies 2 thru 9 will display the contents of Dl of the D loop, while 


nixies 10 thru 17 will display the contents of DO of the D loop. 
Only the BCD characters shown in table 4-29 may be displayed at 
positions 2 thru 17. 


The flow of information from the D loop to the display register (Dl 
thru D8, DA1 thru DA8) is shown in figure 4-73. Up to 16 BCD char- 
acters can be programmed into the two-word D loop and displayed. The 
display register can hold only four BCD characters, see figure 4-73. 


For this reason the memory disk has been divided into four quadrants. 
Table 4-31 will show these quadrants appearing at sectors 036, 076, 
136, and 176. Four characters are displayed during one quadrant of 
disk revolution, followed by four more during the next quadrant, and 
so on until all 16 characters are displayed during one disk revo- 
lution. The cycle is repeated under program control. Since the 


operating frequency of the disk is 100 rps, the display appears to be - 


continuous. 


Flip-flops X1 and X2 serve as a counter to determine the quadrant on 
the memory disk. The loading of the display register will be con- 
trolled by DSH and DSP flip-flops. Once the computer has read the 
display instruction (IDM), flip-flop DSP will one set: 


1 DSP = (OXO) C5 (CNL2) C6 


™H 9- -1220-221- 34/1 


With DSP one set, (xeT) will be true when the sector read head senses 
a zero at TXF time; this occurring at sectors 036, 076, 136, and 176. 
Table 4-30 (XCT) energizing the quadrant counter (X1 and X2) each 
time a zero is read from the sector track at TXF time. 


BATTERY CHARGE 


FUZE QUADRANT 
SIGN  OEFLECTION SETTING ELEVATION | 
A +] 
TO o 
E 
! 


17 23456 789 10H (213 141516 


—»| EG aia as aE 
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Figure 4-72. Relationship Between D Loop and Nixie Display. 


Table 4-29. Binary Coded Decimal Code Versus Digit Displayed 


Digit displayed BCD code | Digit displayed BCD code 
0 9000 B 1000 
1 0001 9 | 1001 
2 0010 et | 1010* 
3 0011 ‘. 1011* 
4 0100 Decimal point 1100 
5 0101 Blank 1101 
6 0110 Blank 1110 
7 0111 Blank 1111. 


— *Usable in nixie posreien 17. However, it shows up as blank in all other 
nixie positions. | 
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“ 0 rT) LOOP 


8 BCD CHARACTERS 8 BCD CHARACTERS 


x 41 « FIRST FOUR (4) BCD 
CHARACTERS IN THE D-LOOP 


42 = SECOND FOUR(4) ETC. 


2. BCD CHARACTERS RBCD CHARACTERS 432 THIRO FOUR (4)ETC. 
DSPH B 


| 443 LAST FOUR (4) ETC. 
08 ——— DI! 0A8 ——~—— DA! | 
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Figure 4-73. D Loop to Display Register Configuration. 


(6) In addition to controlling the quadrant counter, (XCT) will one set 
flip-flop DSH: 


1 DSH = (XCT) 
+ X2 S- TO 


When DSH is one set, information in the D loop will be loaded into 
the display register, Table 4-31 shows that four BCD characters are 
shifted into the display register each quadrant of disk revolution. 
The D loop, for explanation purposes, is shown as 41 and 42 (eight 
BCD characters), and is held in DO. The second word of the D loop, 


4, and 4, (eight BDC characters), is held in D1, (fig. 4-73). _ 


Table 4-30. Quadrant Counter 


X2 _ X1 Count Logic 

0 0 0 1 Xl = X1- (XCT) 

0 l ] 1 X2 = X2= X1 (XCT) 
1 0 2 @ X1 = X1 (XCT) 


1 ] 3 1 X1 - Xl- (XCT) 
| @ X2 = X2 X1 (XCT) 


a) 0 0  X1 = X1 (XCT) 


a aac caaancaacaaaaaaaaaasmmmasmmmammssaasaaal 
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Table 4-31. Loading Operation of Display Register D Loop 


| : Sector 
Display register Quadrant track 
contents counter* location Remarks 


-01 1 DSH = (XCT) X2- Xl- 036 First 16 bits (DO) of 

_ the D loop are loaded ~ 
into the display regis- 
ter and displayed. 


-00** 037 No action. 
 -02 1 DSH = (XCT)  X2- X1- 076 The second 16 bits of 
| : the D loop are shifted - 
in the display regis- 
ter and displayed. 


-02** | | 077 No action. 


(XCT) X2 Xl- 136 The first 16 bits (D1) 

Xl- /TOP/ (BL1) sof the D loop are 
shifted into the dis- 
play register, but not 
displayed. This is due 
to the display register 
reloading one word 
time later (137), pre- 
venting display. 


— 201 1 DSH 
| DSH 


-03** 1 DSH = X2 S- TO 137 The third 16 bits, 
9 DSH = Xl- /TOP/ (BL1) which are held in D1, 
| | are shifted into the 
display register and 
displayed. 


-02 1 DSH = (XCT) . X2 X1 176 All of Dl is loaded 
~  § DSH = /T32/ into the display regis- 
| ter, but not displayed. 
This is due to the dis- 
play register reloading 
during sector 17/7. | 


-04** 1 DSH = X2 S- TO 177 The last 16 bits of Dl 
® DSH = /T32/ | will be held in the 
| : display register and 
| displayed. 


*See table 4-30 for logic. 


| **Indicates the portion of the D loop that is held in the display register 
during this quadrant. 
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~~ 4-58, OUTPUT--Cont inued 


(7) The display register will copy the DX flip-flop during the time that 
DSP and DSH are one set. The display register will copy the D loop 


serially: 
1 D8 = DX (DSPH) 
9 D8 = DX- (DSPH) 
1 D7 = D8 (DSPH) 
$9 D7 = D8- (DSPH) 
1 DAl = DA2 (DSPX) 
®@ DA1 = DA2 (DSPX) 


(8) Figure 4-74 shows that the output of the display register together | 
with anode driver output AD1, AD2, AD3, or AD4 will allow energizing 
of a nixie numeral, nixie sign, or a neon decimal point. 


(9) During memory disk rotation, anode driver 1 (AD1) will be true from 

sectors 036 thru 076, and will allow energizing of the SIGN or 
CHARGE nixie and nixies in plugs 17, 18, and 15. AD2 will be true 

between sectors 077 and 136 and al low nixies in plugs 12, 13, 14, 
and 16 to energize; AD3 will be true between sectors 137 and 176 and 
allow nixies in plugs 9, 10, 7, and 11 to energize; AD4 will be true 
between sectors 177 and 036 and. allow nixies. in plugs 4, 5, 6, and 8 | 
to energize (fig. 4-75). | 


NEON 
DECIMAL CATHODE LOGIC 
POINT NEON DRIVER GATE 
7 
NIXIE NUMERALS AreDLAY 
CATHODE REGISTER 
DRIVER , 


X x 
On = 
WONKA AWN —O 


_AN RIVER DATA 


Oo Pp 
2 

(8 & 
Dm , : 


LOGIC TERM OUTPUT NIXIE SIGN 
/NXD/XI-X2- ADI 40683 
-/NXD/ XI-X2. -AD2 2s 40783 + 
JNXD/X1-xX2- AD3Z 40883 (=) — <i 
/NXD/XI-X2. AD4 40983 
DECIMAL POINT DATA | | | ATA 
LOGIC TERM OUTPUT SIGN LOGIC TERM OUTPUT 
SEE CDOID 406823 + , CDP 406A54 
TABLE 4-29 CD2D 407823 
FORBCD CD3D 408823 COM AOTALS 
CODE CD40 409823 
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Figure 4-74. Nixie Driver Interconnection. 
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(10) The following is an example of the numeral 8 be ing illuminated in. 
| nixie plug 10: 


NOTE 
Refer to mare 4-75 during text discussion. 


(a) Nixie plug 10 “anode is energized when AD3 is true. The cathode of 
the tube is control led by a cathode driver which in this case will 
be CD48. The CD output is a result of inputs from the display 
register. Figure 4-75 shows D8 to D5 flip-flops containing the 
numeral for nixie plug 12. The numeral 8 is represented through: 


D8 D7- D6- D5 


_(b) Reference to the matrix decoder in TM 9-1220-221-34/1/1 shows CD48 
at 409A24 and AD3 output at 408B3. With the anode energized 
through AD3 and the cathode through CD48, the numeral 8 in the 
nixie tube will be i] luminated. 


NIXIE TUBE 
PLUG NUMBER 


ALTITUDE 


NORTHING 


ANODE SELECTION 


8 D4 DAB DA4 DB D4 DAB DAY DB D4 DAB DAS DB D4 DAB 


eT TTT TT TT 


DAI D5 DI DASOA! D5 Dl DAS DAI DS DI DAS DAI DS ODI DAS 


CATHODE SELECTION 


CDIO SERIES = DA4 DA3 DA2 DA! BOARD 406 
CD20 SERIES = DA8 DA? DAG DAS BOARD 407 


CD3SO SERIES = D4 D3 D2 Ol BOARD 408 
CD40 SERIES = D8 D? DE ODS BOARD 409 


- NUMERAL TUBE SIGN TUBE 
PIN ELEMENT PIN ELEMENT 
| NO CONNECTION 
2 2 2 C NIXIE TUBE 
3 3 3 B PINS 
4 4 4 — 
5 5 5 E 
6 6 6 - 
7 7 7 NOCONNECTION 
8 8 8 A 
9 9 9 NOCONNECTION 
re) O fe) D | 
Tr i ANODE | ARR 80-1287 


ANODE 
Figure 4-75, Anode and Cathode Selection. 
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4-58. OQOUTPUT--Continued 


(11) The battery nixie is controlled by the battery switches on the 
matrix unit and term BDX. The terms associated with battery selection 


are shown in table 4-32. 
® 


Table 4-32. Battery Selection Terms 


Battery switch | Term Logic | Output 
A CDA *F9 (BDX) 406A52 
B COB FO (BDX) 407452 
C CDC F11 (BDX) 408052 
D CDD F12 (BDX) —— 409A52 
E cD3 F13 (BDX) 408A54 


*F terms are from the battery switches. 


c. Output to Teletypewriter. 


(1) Output to a teletypewriter is performed through the use of the 
Output device stepping -1 command. This command has a code of 36 
102; changing of the code energizes the output driver term O0PL10 
found on J010 pin X. Figure 4-76 shows the logic COM Agua HOn when 
using a teletypewriter as an output device. 


(2) The output of the teletype oscillator on network C is a 22-milli- 
second square wave, alternating true and false every 11 milliseconds. 
During the true period and TLC (timing left channel), flip-flop C7 
will one set: | 

1 C7 = *F32 (TLC) (BL6) /OX/ 


(3) When C7 is one set, primary "and" gate (OXO) will be true each TO 
- time. This term, with C5- and C2 true, will allow OP1 to one set: 


1 OP1 = C2 (0X0) C5- 
(4) OP1, OP2, and OP3 flip-flops were zero set at turnon: 


9 OP1l = *TD 
@ OP2 = *TD 
g OP3 = *TD 
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(5) If OP2 and OP3 are one set as the result of another operation the 
fol lowing would zero set both flip-flops: 


9 OP2 = C3+ (0X0) C5- 
8 OP3 = C4- (0x0) C5- 


(6) The primary "and" gate (OPL1) is fed to a driver circuit on network 
A and output at JO10X as OPL10. By turning (OPL1) on and off through 
_ program control, a train of pulses representing the various characters 
is fed to the teletypewriter for printout. | 


| NOTE ek 
For a dynamic test of the teletype output capability of the 


computer, use the teletype output test tape routine. Refer to 
TM 9-1220-221-34/8 for operation and maintenance procedure. 


- 22 MILLISECONDS 


—pl fe————I|MILLISECONDS 
B40 B33 
, a) A285 (0x0) 
eae /ox/a27| , \A24 
TO A25 


/0X/ A5O -) AS4 


208 


239 


c5S-_ai3}, \ ale B40 


WIASO 


318 AS4 


06-05 04 03 02 C7 C6- C5-C4- C3-C2 


COMMAND 3 6 6) 2 


403 


OP! 
te) 
OP2 
ES = B23 | (OPLI) 
| PLI 
223 | A23 B19 a3o| NET | pao CPL'° 
OP3 , ; + it} - 
a 
= 3340 | | ARR 80-1288: 


Figure 4-76. Output to the Teletypewriter. 
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4-59, FUTURE OUTPUT DEVICES 
Figure 4-77 illustrates the output connector J010 and figure 4-78 illustrates 
output connector J016. These two illustrations indicate other inputs and 


outputs that may be used in future input-output devices used in conjunction 
with the computer. 


O1 317-2 405 —____{>—___—— 405 

OPE A24 B32 | B34 | 

D2 a7 2 eo. 405 ————|>>_____— 405 K 0200 

OPE B19 836 837 ! 

03 319 — 250 aos anes |S 405 ————{ L 0300 

OPE B19 B39 840 

D4 227049 405 ——_>—__—— 405 : M D400 

OPE 825 B43 B44 OUTPUT 
050 | DRIVERS 

05 696 es 405 [> >_____— 405———+N 0500 

OPE B25 B46 848 

06 OT eee $94 a 404——| Pp 1600 

OPE 825 B32 834 ! 
070 

07 14 204 |p >_____— 404 R 0700 

OPE A19 B36 B37 | 

08 pie CSO a 404——4 S 0800 

OPE AI9 B39 840 


/KOPC/ 232 | 
06-03 A24 | 


232 oll S ieee nae 403 
O86 OBS- A54 B32 834 
223 | 
OB6 085- A55 - 
| ee aa 403 —__+ IMTO 
/KOPC/06- oasis B36 a37 


a 235 Sr D> 3 — A /BLO/ lea 
- s ———p socnsetanuiaseecel BL4/ eee 
: = 8 /BL 
326 ar | A2 | . 


ae “Big 88 208 | | 
Be- : | A23 208———j c (TLC) 
B3 B6 208 BI9 _ 

: B23 


| 
| | 
V. R. | 109 — D TTWO 


D100 


T AMTO 


No. 4 A38 
224 | 
/KOPC/04-  A24 | 
224 404 FBO 404—— v FBOO 
084 OB82- B54 — B43 B44 
/MKOPC/ 206 : : 
0B4 04- B19 | STB , 
206 402 402 ——! w STBO 
083-082 B55 B36 B37 | 
|CLOCK 
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Figure 4-77, Output Connector J010 (sheet 1 of 3). 
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OP3-OP2-0P! 335 405. 403 ——J x 
839 840 | 
#* WI 335 | | 
AS4 | | | 
OP3- OP2 OPI- 335 403 —orc2 [>> 403 | Y 
A24 q 843 844 | 
* wI 335 : 
954 
OP3- oP2 OP! 334 402 — 2843 {p> 402 —_ z 
- 819 | 822 934 
* WI 334 | 
—AS4 | 
gos3 214 | 
830 ! 
loB2 209 408 ————— £0 — 4g —_____—- 405 —__F 
82 A54 A55 | 
1082 . 209 | 
86 | 
a. | <4 iz 
-404 404——§ 
| BI7 B15 
: . fi 
| | 
oe 
4 g00—<o | —_— 404 h 
a0e or Bil Bl2 | 
TEO | | = 
9084 232 406 406 j 
B63 A? | | B10 | 
1048-/ | 
(OTR) | 
ER -Br— 404 404-0 406—Ww—0 406 407 ——46 
B50 846 62 B62 B62 | 
407 
A62 l 
404 | 
948 
7, —pt— 403 ————. 403 —<2|-— 493 + 402 —ww- 40 
oo A24 B50 B46 = AG2 B62 


Figure 4-77. 
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Output Connector J010 (sheet 2 of 3). 
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FUTURE OUTPUT DEVICES--Continued 
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Figure 4-77. Output Connector J010 (sheet 3 of 3). 
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Output Connector J016 (sheet 1 of 2). 
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4-59. FUTURE OUTPUT DEVICES--Continued 
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Figure 4-78. Output Connector J016 (sheet 2 of 2). 
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Section VI. Read and Write Circuitry 


SCOPE 


This section covers troubleshooting pertinent to read and write circuitry in 
the computer. Contained in this section is the theory of operation of the 
write switch, write amplifier, the logic involved in loading the memory, the 
read switch, read amplifiers used in reading out of memory, as well as a 
description of the menery itself. 


4-61, 


ad. 


COMPUTER MEMORY 


General. The computer memory is a rotating magnetic disk driven by a 
three-phase, 120/208 +20 volt line-to-neutral, 400 +20 Hz motor at a 
nominal speed of 6000 rpm. The disk is ‘coated on both sides with 
ferrous oxide similar to the coating on conventional magnetic tape. | 
The disk rotates between an upper and lower head plate which contains 
stationary magnetic read heads and write heads. Binary numbers may. be 
written by the write heads as the disk rotates or read by the read 
heads. To write information on the disk, a current is caused to flow 
in a write head producing a magnetic field (fig. 4-79). This field 
produces magnetization on the disk which remains until replaced by new | 
information. The polarity of the magnetization on the disk is a func- 
tion of the current direction in the write head. The read heads are — 
Similar to the write heads but operate in reverse. A change in magneti- 
zation on the disk produces an electrical current in the head (fig. 4- 
80). This signal is sent to the read amplifier circuitry. 


WRITE 1" CURRENT 


CURRENT RETURN 


WRITE “0° CURRENT 


~ COATIN 


Figure : 


MAGNETIC BLOCKS| 
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LOW LL eRMeAme —_——44—>J Beee | 
iG . -_ : CROSS SECTION 
iA 


HIGH PERMEABILITY | ~— me rpecaia i 


COATING 


TPH EE 


4-79, Memory Channel Writing Process and Write Head Cross Section. 
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4-61. COMPUTER MEMORY--Continued 
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FLUX PATTERN 
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Figure 4-80. Memory Reading Process and Read Head Cross Section. 


b. Memory Contents and Layout. 


(1) The memory disk has 64 permanent channels (tracks) for information 

7 storage. There are 32 tracks on the side (channel 000 thru channel 
076) of the disk and 32 on the other (channel 330 thru channel 336). 
Refer to figure 4-81. | 


(2) Each track has a storage capacity for 128 words (64 x 128 = 9192- 
word total) of 36 bits each word. Each word includes three sync 
bits and a parity bit. The remaining 32 bits are used for a 32-bit 
instruction "or" number, including one bit for sign. The three sync 
bits of each word provide the necessary switching time between the 
channels that is required by the write and read switch circuitry. 


(3) Four, 12, or 16 channels may be used for working storage (fig. 4- 
81). The remaining channels are used for storage of the permanent 
program. The permanent program is loaded into the computer using 
the SDR and a selected program tape. (See section V for inputting 

information). Once the memory is loaded and the SDR is disconnected 
the permanent program 7s unchangeable. The working storage channels 
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e of information under control of the 


are used for temporary storag 
permanent program and informa 
permanent and working storage 


channels. 


tion fed in by the operator. The 
channels constitute main memory 


CLOCK TRACK 


SECTOR TRACK 
-RLOOP 


@ LOOP 
A LOOP 
L LOOP 
N LOOP 
1 LOOP 
x LOOP 


© LOOP 0 LOOP 
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MEMORY 
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Figure 4-81. Conceptual Layout of Memory. 


4-167. 


TM 9-1220-221-34/1 


4-61, 


4-62. 


4-168 


COMPUTER MEMORY--Cont inued 


(4) In addition to the main memory channels, one channel contains eight 


recirculating loops (registers). They are as follows: 


(a) R register. This is a 16-word recirculating rapid access loop, 
with an eight-word intermediate register output. — 


(b) Q register. This is a 16-word recirculating rapid access loop, 
- with an eight-word intermediate register output. 


(c) A register. This is a one-word recirculating accumulator loop. 
It is used to accumulate words during arithmetic operations and 
input operation (see section V). 


(d) L register. This is a one-word recirculating lower accumulation. 
register (see section V for use). 


(e) N register. This is a one-word recirculating lower accumulation 


register (see section V for use). 


(f) D register. This is a two-word recirculating output loop. It is 
used for processing of output information to display indicators | 
(nixies) (see section V for use). 


(g) I register. This is a one-word recirculating instruction register. 
It is used to store instructions. 


(h) xX register. This is a one-word recirculating instruction register. 
It is used to store instructions. 


(5) Two permanently recorded channels contain data for timing purposes. 


These channels are the clock track and the sector track. The informa- 
tion read from the clock track is a continuous sine wave of frequency 
approximately 460 KHz. This sine wave is amplified and shaped by 

the clock board and provides synchronization within the computer. 

The sector track provides sector address. (See section V for 
information on the use of sector in inputting.) 


WORD FORMATS 


General. As numbers appear in memory, there is no distinction between 
operands and instructions. Both are stored as 32 bit numbers of words 
with, in addition, one parity bit and three sync bits. When a number 

is read from memory it is interpreted by the control unit according to 
the computer phase. In the operand read phase, the number is read as 

an operand word; in the instruction read phase, it is read as an instruc- 
tion word. Such a 32 bit word may be a number, an instruction, or any 
pattern of 32 bits desired for any reason. The 32 bits are labeled 

from the sign or flag position to the least significant position, 31, 

as shown on figure 4-82(a). 


Computer Octal Format (fig. 4-82(d)). Each 32 bit computer word is 
represented by 11 octal digits. The first digit is formed from the two 
most significant bits of the binary word, and has a maximum value of 3. 
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- Each of the remaining digits is formed from three bits of the computer 
word, and has a maximum value of 7. Because of the short (two bits) 
first octal digit in the computer format, it can be seen that a pure 
octal number and its octal representation are not the same. 


Peg fe] 3[¢[s]s|7[s]s fro[ nu] 2] :s] 4} 16] 7 | 19 [ola [zal eafeeles es|27|29| 2s} 3031] 0 


eb ee peepee 
Cst 7 fry? fr fr Prpe fete fe 


bi ne EE , ey , Gea ra 
2 3 4 5 6 ? s.té‘S 19 mT (d) 
| ARR 80-1297 

Figure 4-82. Computer Word. 


c. Instruction Word Format (fig. 4-83(A)). 


(1) 


(2) 
(3) 
(a) 
(b) 
(4) 
(5) 


(6) 


(a) 


Commands are stored in the memory in the form of one instruction per 
computer word represented by 11 computer octal digits. Each command 
consists of four separate fields, a flag, a next instruction address, 
an operation code, and an operand address. 


The FLAG, which is in the sign position, provides for the modifi- 
cation of the computer instruction, and is represented by an octal 
2 


The NEXT INSTRUCTION ADDRESS, which tells the computer where to go 
next in the program sequence, consists of a channel and a sector 
portion. 


The channel portion consists of 6 binary bits. These are repre- 
sented by 3 octal digits which are evenly numbered from 000 to 
176. 


The sector portion consists of 7 binary bits. These are repre- 
sented by 3 octal sh which are numbered sequentially from 000 
to 177... 


The operation code consists of 5 binary bits. These are represented 
by 2 octal digits and are even numbered from 00 to 76. Refer to 
tables 4-33 and 4-34 for computer operations codes. 


The operand address is the address of the number to be operated 
upon. It consists of a channel and sector portion and is in the 
Same form as the next instructions address. 


Referring to figure 4-84 it can be seen that a total of 15 octal 
digits are required to represent an instruction word: 1 for the 
flag, 2 for the operation code, and 6 each for the addresses. Since 
a word is only 11 octal digits, it is necessary to "absorb" the four 
extra digits in the following manner (fig. 4-84). 


Let X represent the octal digits in each of the four fields and Y 
represent the octal digits. 
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4-62, WORD FORMATS--Cont inued 


COMMANOS (A) 


= NEXT INSTRUCTION ADDRESS OPERAND ADORESS 
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Figure 4-83. Actual Word Format. 


FLAG NEXT INSTRUCTION | op OPERAND ADDRESS 
CHANNEL | SECTOR | CODE Ln 
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Figure 4-84, Computer Instruction Word Formation. 
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Table 4-33. Operation Codes 


Op Right. Right. > 


Computer - | 
Instruction Mnemonic Flag Code Channel =—S§_ Sector. 
Clear and add? CLA 0/2 24 
Clear and subtract CLS 0/2 26 
Add ADD 0/2 00 
Subtract SUB 0/2 02 
Mul tiply | MPY 0 20 
Divide DIV =—“‘iéiPRs—“‘<t«éi‘éZO 
Store A-register® STA 0/2 50 
Store N-register STN 0 40 
Store D-register STD 0/2 — 42 
Store L-register STL 0/2 «$2 
Store Operand Address? STO 0/2 70 
Store Program Address STP | 0 60 
Load R-loop) LDR* 2 72 
Load Q-loop | LDQ 0 72 
Store R-loop STR 0 62 
Transfer on Zero TZE 0/2 12 
Trans fer on Plug TPL 0/2 10 
Trans fer | | TRA 0/2 14 
Transfer on Overflow TOV 0/2 16 7 
"A" Right Cycle ARC 0 76 000 s 
"A" Right Shift? ARS 0 76 002 S 
"A" Left Cycle ALC 0/2. 76 004 “Hee 
"A" Left Shift ALS 0/2 76 006 S 
Long Right Cycle” LRC 0 16 020 1" 
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Table 4-33. Operation Codes--Continued 


Op Right Right 


Computer | 
Instruction Mnemonic | Flag Code Channel Sector 
Long Right Shift LRS 0 76 022 S 
Long Left Cycle LLC 0/2 76 024 S 
Long Left Shift LLS 0/2 76 026 S 
Extract EXT 0 34 
Take Absolute Value ABS — 0/2 36 170 
Replace A on Minus RML 0/2 36 172 
from L | 
_ Replace A on Minus RMN 0/2 36 174 
from N | 
Zero L ZEL 0 36 162 
- Equal Search EQS 0/2 64 
Greater than or Equal GES 0/2 66 
Search 
Halt Program HLT 0 36 120 
Halt Display Mode HDM 0 36 166 
Initiate Display Mode IDM 0 36 164 
Discrete Input to A DIA 0 36 040 
Discrete Outputs Off DOF 0 36 2=——s:100 
‘Output Device pi 0 36 102 
— Stepping- 
Output Devige OD2 0 36 104 
Stepping- 
Output Devige OD3 0 36 : 106 
Stepping-~: 
Input Dev ice ID] 0 - 36 — 110 
Stepping- 
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Table 4-33. Operation Codes--Cont inued 


Op Right Right 


Computer | | | 

Instruction Mnemonic Flag Code Channel Sector 
Input Devicg ID2 0 36 112 

Stepping - | 
Input Device ID3 0 | 36 114 

Stepping- | | 
No Solution Light NSL 0 36 116 


the flat bit is indicated by a (2) and not a (1). 
“The mnemonic for this command was formerly STO. 
3The mnemonic for this command was formerly STA. 
4 DR - the Op Code for this command is a flagged LDQ command. 


“One can code a (2) here as a flag bit; however, it is not recommended. 


Table 4-34. Input-Output Command Summary 


Right Right 


Mnemonic Flag Op Code Channel Sector _ Interpretation 
REO 0 54 «000 Read Ext. device in Octal 
Mode. 
RTO 0 54 020 Read tape device in Octal 
Mode. 
PKO 0/2 54 060 Read Keyboard in Octal Mode. 
RD = O0/2 54 10X No. of — Read Ext. device in Decimal 
blocks | Mode. 
— RTD 0/2 54 12x No. of Read Tape device in Decimal 
blocks Mode. 
RKD = 0/2 54 16X No. of Read Keyboard device in 
| blocks Decimal Mode. 
RE6 0/2 56 00x No. of Read Ext. device in Alpha-6 


blocks Mode. 


RT6 0/2 56 02x No. of Read Tape Device in Alpha-6 
a blocks Mode. 
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4-62. WORD FORMATS--Continued 
Table 4-34. Input-output Command Summa ry--Cont inued 
| Right Right | 
Mnemonic Flag Op Code Channel Sector Interpretation 
RM6 0/2 56 04x No. of Read Mag. Tape in Alpha-6 
blocks Mode. 
RKE sé 56 O6X No. of Read Kayboard in -Alpha-é 
| blocks Mode. | 
RE5 0/2 56 10X No. of Read Ext. device in Alpha-5 | 
blocks Mode. 
RT5 0/2 56 12X No. of Read Tape device in ) Apa: 
| blocks Mode. 
RM5 0/2 56 14X No. of Read Mag. Tape in Alpha-5 
blocks - Mode. 
RKS «0/2. 56 16X No. of —— Read Keyboard in Alpha-5 
blocks Mode. 
WEOT 0/2 44 00x No. of Write FADAC to Ext. Octal 
| blocks Info. in teletype code. 
WFOT 0/2 44 02X ~—sNo.. of Write FADAC to FACAC Octal 
blocks Info. in teletype code. 
WEOF = 0/2 44 04x No. of | Write FADAC to Ext. Octal 
| blocks Info. in Fieldata code. 
WFOF 0/2 44 O6X No. of — Write FADAC to FADAC Octal 
blocks Info. in Fieldata. 
WEDT 0/2 44 10X ° No. of Write FADAC to Ext. decimal 
blocks Info. in teletype code. 
WEDT 0/2 44 12X No. of — Write FADAC to FADAC decimal 
blocks Info. in teletype code. 
WEDF 0/2 44 14x No. of Write FADAC to Ext. decimal © 
: blocks Info. in Fieldata code. 
WFDF 0/2 44 16X No. of Write FADAC to FADAC decimal 
| blocks | Info. in Fieldata code. 
WE6 0/2 46 00x No. of Write FADAC to Ext. Alpha-6 
| blocks Info. | 
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_Input-output Command Summary--Cont inued 


Mnemonic Flag Op Code Channel Sector Interpretation 
WF6 0/2 46 02x No. of Write FADAC to FADAC Al pha-6 
a blocks Info. 
WE5* 2 46 10X No. of Write FADAC to Ext. Alpha-5 
| | blocks Info. 
WF5* 2 46 12X  ~=No. of Write FADAC to FADAC Alpha-5 
: blocks Info. 
WEA sO) 46 10X No. of — Write FADAC to Ext. Alpha-5 
blocks Info. 
WF4 0 46 12x No. of Write FADAC to FADAC Alpha-6 
blocks Info. 


(b) Then Yn will have the fol lowing values: 


Y, =X, + X, 
Yo. = kg 
Yo =X, + Xp 
i *& 
1g 2 Ay 
Ye = Xp 
ty. Sika PIG 
Yg =X 
Ng, Ao Mae 
Yio %q 
us 6 aan 


NOTE 


All channels and operation codes are evenly numbe red . 


Therefore, 


whenever an odd number appears in a channel we ie a sector 


greater than or equal to 100 is addressed (i.e., 
| Whenever an odd number appears in the Op" code; 
chahhel of the operand address is greater than or equal to 100 


(i.e., Yo = Xq + Xi os 


= Xq +X. or Y 
: the 2 


4-175 


“1M. 9-1220-221-34/1 


4-62. 


WORD FORMATS--Cont inued 


(c) The flag digit is derived as follows: 


1 * Xo 


Y, = 0 When no flag is called and Next Instruction (NI) channel 
7 is less than 100. : 


Yy = 1 When no flag is called and NI channel is greater than or 
equal to 100. 


Y, = 2 When flag is called and NI channel is less than 100. 


Y, = 3 When flag is called and NI channel is greater than or equal 
; to 100. 


(7) To illustrate an instruction word; 


d. 


e. 


4-176 


FLAG 


(a) Given the instruction "Clear and Add (CLA = 24 from table 4-34), 


the contents of channel 102, sector 123, and go to channel 112,. 
sector 124" the word format as shown in figure 4-85. 


= Thus the computer octal code referring to figure 4-85 is as shown 


in figure 4-82. 
NEXT INSTRUCTION OP OPERAND ADORESS 


OC TAL 


ARR 80-1300 
Figure 4-85. Sample Instruction Word. 


Operand Word Format (fig. 4-83). Operand words, include a sign bit and 
31 information bits. If a number is positive, the first bit position 
or sign position always contains a J. The subsequent 31 bits are the 
binary representation of a fixed part fraction. Negative numbers are 
represented in two's complement form and, therefore, always have a 1 in 
the sign position. Since the first octal digit is the sum of the sign 
position and the most significant bit position (fig. 4-82) in the 
computer this digit will equal a @ or 1 when a number is positive and 2 
or 3 when a number is negative. 


Special Code Formats. Special alpha-numeric codes also form words. 
These special codes are used mainly to control external devices con- 
nected to the computer (fig. 4-83(C)). 
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WRITING DATA INTO MEMORY 


General. There are five write amplifier boards and two write switch 
boards. On each amplifier board there are two write amplifier cir- 
cuits, making a total of 10 write amplifier circuits. Five write 
amplifiers are used for the five one-word loops (A, L, N, X, I), two 
write amplifiers are used for the 16-word loops (Q and R), one write 
amplifier is used for the one two-word loop (D), and two write ampli- — 
fiers are used for main memory writing. On each write switch board 
there are 12 write switch circuits. 


| NOTE | 
Refer to T 9-1220-221-34/1/1 for the write amplifier schematic | 
and for the write switch schematic. 


Writing Operation. 


(1) As explained in a. above, the. two main circuits in the writing opera- 


tion are the write switches and the write amplifiers. Two write 
switch circuits, a number of isolation diodes, and a write amplifier 
circuit are used in writing into memory. TM 9-1220-221-34/1/1 illus- 
trates the entire main memory write head configuration with the write 
switch logic indicated by block diagram. Utilizing this chart the 
technician is afforded complete mechanization of main memory write 
heads. 


(2) As an example of mechanization the writing of a 1 into memory lo- 


cation 60 will be performed. The procedure to accomplish this is as 
fol lows: | | 


(a) Locate the one side of memory write head 60--location W60. 


(b) The center tap of this write head is the output of CTB4--a write 
switch circuit. 


(c) The one side Output is connected through an isolation diode to 
SS1A output--the tap write switch. 


(d) w60 logic is mechanized. 


(3) The writing of information (1 or 9) in memory will be given by 


example. Referring to figure 4-86, the signal flow for writing a 1. 
into memory location 60 will be as follows: 


(a) Determine the configuration of the channel flip-flops. The chan- 
nel flip-flops (C7 thru C2) will be in the state shown in figure 
4-86. 

(b) Since the logic C7 C6- is true, C761 will be true. 

(c) Since C5 is true and C761 is true; transistor Qc will turn on, 

| allowing +15 volts to be present at the center tap of the write 

head 60. 


(d) Since the logic C4- C3- is true, C430 will be true. 
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LOGIC 
/C76\/= C7-C6 


/CSA/= CS 


/C430/= C4-C3- 


C2- = C2- 


CHANNEL O60 CAN BE 
WRITTEN INTO WHEN — 
LOGIC IS TRUE : 


(e) Because C2- is true and C430 is true, transistor Qs will also turn 


On. 


WRITING DATA INTO MEMORY--Continued 


BOARD 434 | 
| 844 | 
| Qs] 
co. —AS4 (\/ 
B 
/c430/—A*™4 I 
| 
lssia tas 
A SNe noe ee eee ante eee ee 
FX:} B3 AG | 
| 
CRW | 
| 
SE MEMORY | 
WRITE 
aoe FLIP FLOP BIO | 
~BOn | 


Figure 4-86. Circuitry for W60. 


BOARD 434 


w60 


w6O' 
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(f) When the logic to write a 1 comes true, transistor Qw turns on. 


(g) 


Current will now flow through the write head. The path is from 


+15V 


ground, through the 80-ohm resistor, through transistor Qw, through 
the 82-ohm resistor, through diode CRW, through transistor Qs, 
through diode CRM, through the write head W60, through transistor 


Qe to the +15-volt source. 


location 60. 
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NOTE | 
Refer to TM 9-1220-221-34/1/1 for the MW1 and MWO circuitry. | 
Also refer to paragraph 4- 61a for write head current necessary 
to magnetize the disk. © 


4-64. READING DATA FROM MEMORY 


a. General. Read heads passing over recorded flux areas on the memory 
generate voltage pulses. Induced pulses are interpreted. by the computer 
as binary digits (fig. 4-80). | 


(1) The read head senses only changes in magnetic polarities. A posi- 
tive pulse occurs when one of two adjacent digits change from binary 
@ to binary 1. A negative pulse occurs when one of two adjacent 
digits change from binary 1 to binary @. A succession of identical 
binary digits does not affect the read head. After a positive 
pulse, all succeeding digits are interpreted as binary 1's until a 
negative pulse occurs. Similarly successive zero digits are in- 
terpreted as 9's until a positive pulse occurs. 


(2) Each of the 64 main memory channels require one read head. A chan- 
nel is selected (see para b below) when the correct sector of word 
is addressed. The sector address digits stored within a command are 
compared with the sector digits stored in the sector channel of 
memory. When agreement occurs, meaning that the read head is pass- 
ing over the correct sector in the memory channel, the output from 

the head is sent through the appropriate read switch to the read 
amplifier whose output--(read flip-flop) is sent to the nogeers cir- 
cuitry. 


(3) Clock and sector channels also have one read head each and require 
no addressing. 


(4) There are also read heads for loops A, N, L, I, X, D, R, and Q. 
Loops R and Q having intermediate loop read heads (fig. 4-81), 
require two read amplifiers per loop. 


b. Selection of Read Head. 


(1) T™ 9-1220-221-34/1/1 shows the entire main memory read head conf igu- 
ration. All the read switches involved in selecting a given memory 
location are depicted here. The output from the read head is con- 
trolled by two separate sets of read switches. The reason for this 
is the parallel search capability of the configuration. Both oper- 
and data and next instruction data are searched simultaneously. The 
inputs to the read switches whose outputs are connected to the input 
of the MMN (main memory number) read amplifier are related to the CN 
flip-flops. These allow searching for an operand. The inputs to 
the read switches whose outputs are connected to the input of the 
MMP (main. memory program) read amplifier are related to the C flip- 

flops. These CP flip-flops allow searching for instructions. 


(2) The operation of read head selection will be given by example. Read 
selection of channel 066 for next instruction data will be described. 


4-179 


™ 9-1220-221-34/1 


4-64, READING DATA FROM MEMORY--Cont inued 


(3) 


NOTE 
The specific reading of a given word by sector location and 
comparison is explained logically in section V of the chapter. 


Referring to the read switch shematic in T 9-1220-221-34/1/1 to 
find the CP logic input, any given read switch can be mechanized. 
Figure 4-87 shows the specific circuitry for M66. The logic for 
(CPU3) and (CPL3) is as follows: 


CP7- CP6 CP5 
| CPA CP3 CP2 


(CPU3) 
(CPL3) 


This logic allows instruction information to be felt at pin A65, the 
input to the MMP read amplifier. 


This circuit functions as a class A emitter-follower. The voltage 
is induced into the read head by the magnetic flux on the disk. Q3 
is normally on so that the emitter is a few tenths of a volt neg- 
ative. If the signal is positive, indicating a 1, the transistor 
will conduct more and the voltage at the emitter will increase. 
toward ground. If the signal is negative, indicating a @, the’ 
transistor will conduct less and the voltage at the emitter will | 
become more negative. Gate (CPU3), (CPL3), and the output from Q3 
form an "and" gate. Pin A65 will read what is contained in memory 
channel 066 when gates (CPU3) and (CPL3) are true. | 


c. Amplification of Selected Read Switch Output Signal. 


(1) 


(a) 
(b) 


(2) 
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As explained previously, the output from the read head is at a low 
level (in the millivolt range) and has the form: 


A positive pulse if a series of 1's are being read. 
A negative pulse if a series of O's are being read. 


The function of the read amplifier is to amplify these pulses and 
convert them to logical read outputs (a 1 represented by a =b- volt 
output, a @ represented by a O-volt output). 


The block diagram in figure 4-88 is from the read amplifier board. 
The discussion will begin at TP time. At this time the TP input 
after being shaped and amplified, will zero set the read flip-flop. 


The output from the read switch comes into the read amplifier at pin 
65A and is amplified in the low level amplifier. 


If the pulse is positive indicating a 1 or a series of 1's, the out- 
put is fed into the degenerative amp whose function is to clip the 
wave to maintain a constant output. After this stage the pulse is 
fed to the read one amplfier where it is again amplified and shaped. 
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Figure 4-87. Memory Read Head and Read Switch Mechanization. 
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LOW LEVEL | | 
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Figure 4-88. Read Amplifier Block Diagram. 


(6) When the strobe switch is turned on, that is when the strobe signal 
is -10 volts, the read flip-flop will one set if a 1 was read from 
memory. | | 


NOTE 
Although not shown in the block diagram, the output of the read 
flip-flop is the input of an output driver. Therefore, when we 
speak of the output of the flip-flop we are truly speaking of | 
output of driver fed by the flip-flop. 


(7) The flip-flop will remain one set until either Tp time (the end of 
the sector) or a negative spike (representing of #) is read from the 
memory. | 


(8) As before, the negative spike is amplified in the low level ampli-. 
fier. 


(9) The negative spike now, however, triggers the one-shot multivibrator. 
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(10) The pulse a the one shot is amplified in the read zero amplifier 


and when the strobe pulse is true, will zero set the read flip-flop. 


(11) It will remain zero set until another positive pulse is detected by 


d. 


the read head. 


: NOTE 
Refer to ™ 9- 1220-221-34/1/1 for the schematic of the read 
amplifier board. 


Parity Generation and Detection. Parity errors are detected when read- 
ing data out of memory. Since operands (numbers) and instructions can 
be read simultaneously, two flip-flops are used to detect parity errors. 
Take the case of operand readout first. . Flip-flops MN and PN, which 
were used in generating the parity bit during writing of information 
into memory, are now used in detecting parity errors in reading operands 
(numbers) out of memory. If there are an even number of ones in a word 
while reading, then PN will be zero set at parity bit checking time, TP. 


_ This tells the computer that an even number of zeros (which also makes 


an even number of ones in a 32-bit word) were recorded while reading. 
The computer then compares the next bit out of MN which was generated by 
the computer when this word was originally written into memory. If, in 


this case, a zero was originally written into the TP bit position of 


this word, a parity error would exist and computations verifying would 
halt and the PARITY indicator would flash. PE would be one set by one 


of the following gates depending on whether in compute or verify modes. | 


1 PE = + C7- /MNA-/ KE (MMPT) PN- 
+ C6- /MNA-/ KE (MMPT) PN- 
+ C7- /MNA-/ ND- (KIOP) (MMPT) PN- 
+ C6- /MNA-/ ND- (KIOP) (MMPT) PN- 


Note that PN- and MN- both must be true (zero set) in the above 
gates in order to one set PE and thus designate a parity error. 
Other gates take care of the other parity error conditions when PN 
is one set and MN reads a 1 bit at Tp time; i.e., 


1 PE = + PN /MNA/ KE (MMPT) 3 
+ PN /MNA/ KD- (KIOP) (MMPT) 


In the case of reading saotuie tions: flip-flops PP and MP are used 
as a control to one set PE by 


1PP = PP- MP- CP76- /KD3/ XC 
This in turn causes PE to one set by 
1 PE = PP /TXF/ K 
An even number (2, 4, etc) of altered bits in a word being read from 
memory cannot be detected by this method. Parity checks (on charac- 


ters, not words) are also made when mPUGENS into memory with the 
field data (8 level) code. 
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————® REPRESENTS NO TIME DELAY | 


REGISTER READING AND WRITING 


General. Figure 4-89 is a diagram of a typical register (A register). 
The register shown has the storage capacity of 36 bits with 34 of the 
bits on the disk (which would include one each being sensed by the AO 
and A32 flip-flops). The information on the disk is constantly being 
read, passed through the flip-flops, and written back onto the disk. 

As the read head picks up a binary digit from the memory channel, it is 
immediately stored in read flip-flop AO. The bit that was in AO is 
sent to flip-flop AX (A loop extension flip-flop), the bit that was in 
AX is sent to the AP flip-flop, what was in AP is then copied by the 
write amplifier A32, which is immediately sensed by the write head, and 
the bit is written back on memory. 


TIME DELAY OF ONE 
CLOCK PULSE 


WRITE O | READ O 


a 
1 
! 
| 
| 
' 
| 
' 
\ 
\ 


DISK ROTATION 


fs 


—é 
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Figure 4-89. Functional Diagram of A Register. 
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b. Addressing and Loop Length. 


(1) The number of words between the read and write heads determine the 
length of the particular loop. The A, L, and N registers are one- 
word registers since their contents are available every word or 
sector time. They are addressed as channels 170, 172, and 174 
respectively. 


NOTE | 
~The sector numbers are ignored for these registers. 


(2) The R and Q rapid access loops are of 16-word lengths but have 

| intermediate read heads which makes the contents of a particular 
sector available every eight word times. The intermediate read 
heads have no effect on the recirculation process. The channel | 
address of R is 142 and the channel address of Q is 152. The sector 
address may be any sector number from 000 to 177 but only the last 
four binary bits are interpreted by the computer. Thus, the sector 
addresses are actually 000 to 017. The intermediate read heads for 
the R and Q loops have as their channel addresses 140 and 150. 


(3) The display register or D loop is a two-word loop and has a channel 
address of 160. The right half of the two-word loop is addressed by 
odd sector numbers (i.e., 003) while the left half is addressed by 
even sector numbers (i.e., 004). 


(4) The instruction register 1 and the X register are one-word loops and 
have no channel address. They are used to perform interim tasks. 


Cc. Reading and Writing into Registers. 


@) Table 4-35 shows the various registers, channel cepa trons: and 
the associated Flip-Flop functions. 


(2) The write flip-flop writes information directly into the memory. 
The writing operation is basically the same as writing into main 
memory with one exception, write switches are not necessary to 
select the given channel. The write amplifiers of the registers are 
connected directly to the write heads, with +15 volts applied to the 
center taps. Therefore, when the write flip-flop is one set, a 
ground return path is provided for the +15 volts through the write 
to ground through the write amplifier output. The same is true for 
writing a 0. | | | 


NOTE 
Refer to paragraph 4-63 for main memory writing operation and 
table 4-35 for the write flip-flop used for each register. 


(3) Information read from a given register is fed directly to a read 
amplifier circuit (the circuit is located on one of the read switch 
boards). As in the case of writing no switches are necessary to 
select a given memory location. The read amplifier circuit functions 
exactly the same as the main memory read amplifiers (refer to para 4- 
64). The read flip-flop for each of the registers is shown in table 
4-35. | 


TM 9-1220-221-34/1 
4-65. REGISTER READING AND WRITING--Cont inued 


Table 4-35, Register Flip-Flop Functions 


Loop | Loop 
| a extension extension 
| Loop flip-flop flip-flop 
Channel Write , ¥ Read control — (Tp 3 (Tx 
Register designation flip-flop wrens 2 flip-flop phasing)- | phasing)” 
A 170 A382 AO SAC AP RK 
cL 172. 132 LO cL LX 
N 174, NP NO NC None NX 
R 142 RP RO, RC None RX 
140 RM | | 
Q 182 QP 00, ac None 3=StitéiK 
150 QM os | 
D 160 DP DO DC None OX 
? | | oe 
I None' 132 IX IC IP None 
X None XP X0 XC — None- _ None 
1 


Refer to table 4-14 for location. 


Refer to table 4-15 for location. 


Spefer to table 4-13 for location. 


| 4M and OM are rapid access loop read flip-flops. They allow access to a given 
word in 8 word lengths instead of 16. They are not involved in the recirculation 
process (table 4-15). | 


d. Recirculation. 


(1) The specific recirculation process is given in paragraphs (2) thru 
(9) below. In all cases of recirculation the loop control flip-flop 
must be zero set. Refer to table 4-35 for each of the flip-flops | 
referred to in text. | : 


NOTE 


Specific logic can be followed by referring to the dopeenriate 
logic list in TM 9-1220-221-34/1/1. 
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(2) The A register recirculation process is as follows: 
(a) A32 writes information into memory. 
(b) AO copies information from memory. 
(c) AX copies AO. | 
(d) Since AC is zero set, AP copies AX. 
(e) A32 copies AP and hence the loop is completed. 
(3) Thel register recirculate process is as follows: 
(a) L32 writes information into memory. 
(b) LO copies information from memory. 
(c) LX copies LO. 
(d) Since LC is zero set, LP copies LX. 
(e) L32 copies LP and hence the logic is completed. 
(4) The N register recirculate process is as follows: 
(a) NP writes information into memory. 
—(b) NO copies information from memory. 
(c) NX copies NO. 


(d) If NC flip-flop is zero set, NP copies NX. This completes the 
loop. 


(5) The R register recirculates information as follows: 
(a) RP writes information into memory. 
(b) RO reads information from memory. 
NOTE | 
RM also reads information for rapid access but is not involved 
in recirculation. | 
(c) RX copies RO. 
(d) If RC is: zero set, then RP copies RX. This completes the loop. 


(6) The Q register is identical in operation to the R loop. Merely sub- 
stitute Q for R in each of the steps. 


(7) The D register is identical in operation to the R loop. Merely 
substitute D for R in each of the steps. 
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(8) The I register recirculates information as follows: 
(a) 132 writes information into memory. 

(b) IX copies this information from memory. 

(c) If IC is zero set, IP will copy IX. 


(d) Since IC is zero set, 132 will then copy IP. This completes the 
loop recirculation. ° 


(9) The X register does not recirculate information. Its reading and 
writing operation, however, is as follows: | 


(a) XP writes information into memory. 

(b) XO copies this information from memory. 
4-66. TROUBLESHOOT ING 
Troubleshooting can be approached by two general procedures. One method is the 
replacement of modules on the basis of probable failure. The second is isola- 
tion of malfunctioning part by dc voltage measurements, wave shaped tracing the 
resistance readings. The basis for approach here will be the former. However, 
a procedure will be given here for writing into and reading from any main 
memory channel and sector. Using this procedure and the theory of operation in 
paragraphs preceding this one, wave shape tracing can be accomplished. 
FILL AND VERIFY PROCEDURE 


1 Connect the SDR to the FADAC as shown in TM 9-1220-221-208P. 


- 2 Set the SDR controls as follows: 


a. TAPE ADVANCE switch to OFF position. 
b. COMPUTE switch to HALT position. 
c. FIELD DATA-TELETYPE switch to TELETYPE position. 
d. AUXILIARY MEMORY switch to OFF position. 

—e@. FILL-VERIFY switch to FILL position. 
t. POWER switch to ON position. | 
g. SIGNAL switch to ON position. 

3 Turn computer on. 


4 After POWER READY indicator Tights: depress RESET button on FADAC. 
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Depress RECEIVE button on FADAC. 


Depress START FADAC button on SDR (KEYBOARD and IN/OUT indicator will light 
on FADAC, and FILL indicator lights on SDR). 


Address desired channel and sector using five octal digits. The most 
Significant digit of the sector number is combined/added to the least 
Significant digit of the channel number. Thus channel 002 sector 100 is 
entered as 00300. | | 


| NOTE 
The channel flip-flops, C7 thru C2, and the logic associated 
with the write switches (para 4-63b) should be properly set and 
can be measured if so desired. 


Depress decimal point (.) key (this is the locate code). 


Key in on keyboard the word to be written into the location selected. One word 
length is 11 octal characters. A good test pattern is a two-five pattern 
(25252525252). This will write alternate 1's and P's into memory when the ENTER 
key is depressed. | : | 


| NOTE 
When the ENTER key is depressed, the ionatind: l's nd D's 
alternately in this case, can be viewed at the write amplifier 
board. (See TM 9-1220-221-34/1/1 for schematic and para 4-63b 
for theory of operation.) 


Depress, ENTER key (word is now in memory). To enter into the next sector of 
the same channel with the same word, depress ENTER key again. Each time the 
ENTER key is depressed the next sector will be filled. — 7 


To verify the contents once it is entered depress minus (-) key on keyboard. 
VERIFY indicator on SDR will Vight. | 


Address the same channel and sector again and depress point (.) key (as in 
example previously 00300 and then decimal point (.)). 


Key in same word (i.e., 25252525252 as before) and depress ENTER key. As 
before, each time the ENTER key is depressed the next sector within that 
channel is verified. | | 


NOTE 7 
~The read. switch output and the logic input can be checked now 
(see para 4-46 and in T 9-1220-34/1/1). The output from the 
read amplifier can also be monitored (alternate 6 volts and 0 
volts). See paragraph 4-64b for theory of operation of the 
read amplifier and IM 9- 1220-221- 34/1/1 for read amplifier 
Schematic. 


If the ERROR indicator on the computer is flashing the word did not verify. 


Either information was tested incorrectly or a malfunction exists in write 
circuitry, the read circuitry, in the memory or in the associated wiring. 
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| NOTE 
To enter keyboard mode again to test another memory location 
(providing word verified ok) depress the plus (+) key on the 
- computer keyboard. 


15 In the event that testing was not correct enter and verify information 
again. 


16 If problem persists follow either of the two troubleshooting procedures 
discussed above. The procedure for malfunction on the basis of probable 
failure is contained below. 


MALFUNCTION REPAIR BY MEANS OF REPLACEMENT AND RESISTANCE CHECKING 


1 Once the defective channel is determined by either keyboard entry testing, 
by using the memory evaluation tape, or by any other means, the technician 
should begin by replacing the appropriate read switch board. 


2 To locate the board, refer to table 4-36. The read switch boards and the 
input pins from the read head associated with the channel location (left 
column ) are listed here. The memory plug and the pins connected to the read 
head in memory are also listed. | 


3 The technician should replace this board and retest. If the channel passes 
successfully, replace the original board to verify that it is defective and 
rerun test. A loose read switch board may result in a parity error. Ifa 
new read board does not correct the parity, replace the original board and 
proceed to step (4). 


NOTE 
Since FALT testing has, it is assumed, been performed, the CP 
and CN flip-flops and the CPU, CPL CNU, and CNL gates should 
have been tested. However, if unsuccessful in remaining 
steps of this procedure these terms (see TM 9-1220-221-34/1/1 
for term associated with memory locator) should be referenced 
using TM 9-1220-221-34/6 to their associated boards, replaced 
and retested. | 


4 Replace read amplifier boards 301 and 302 and retest. If the channel passes 
successfully, replace read amplifiers one at a time to determine which one 
is defective or overly sensitive to noise. If the read amplifier boards do 
(s) correct the parity, replace the original boards and proceed to paragraph 

5) below. 


5 Replace network C board 323 and retest. If the channel passes successfully, 
replace original board to verify that it is defective and rerun memory 
evaluation test tape. Network C board contains the strobe circuit. (See 
para 4-64 for use of strobe in setting read flip-flop on read amplifier 
board.) If a new network C board does not correct parity, replace original 
board and proceed to paragraph (6) below. 
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Memory 
channel 


MOO 


M02 


MO4 
M06 
M10. 
M12 
M14 
M16 
M20 
M22 
M24 
M26 
M30 
M32 
M34 
M36 
M40 


M42. 
M44 


M46 
M50 
M52 
M54 


Read switch 


Table 4-36. Memory Read Switches and Plugs 


board pins 


303 
303 
303 


303 


303 
303 


— 304 


304 
304 
304 


304 
304 


305 


305 


305 


305. 


305 
305 
306 


306 
306 


306 


306 


B48 


A48 
B51 
A4g. 
B56 


A56 
B46 
A46 


B49. 


A49 


B56 


A56 
B49 


‘A49 


B56 


A56 


B46 
AAG 


B46 
Aa6 
Bag 


A49 
B56 


B46 
M6 


B49 


A51. 
B58 


A58 


B48 


A48 
B51 
A51 
B58 
A58 
B51 
AS1 


B58 


A58 
B48 


A48 
B48 


A48 
B51 
A51 


B58 


Pl 
Pl 


‘Pl 


Pl 


PL 
Pl 


Pl 
Pl 
Pl 
Pl 
P2 
P2 
P2 
P2 
P2 


pe 


P2 
Pe 


P2 


P2 
P2 


P2 


P2 


Memory 
Plug 


25, 


27 


29, 
31 


34 
36 


38 


40 


43 


45 


oOo nr oO WW = 


u 


13 


15. 


18 


20 


22 


24 


26 


Pins 


26 
28 


Memory 
channel] . 


M56 


M60 
M62 
M64 
M66 
M70 
M72 
M74 


M76 


M100 


M102 


M104 
M106 
M110 
M112 
M114 


M116 


M120 


M122 


M124 
M126 
M130 


— M132 


Read switch 
board pins 


306 A56 


307 
307 
307 
307 
307 
307 
308 
308 
308 
308 
308 
308 
309 
309 


309 


309 
309 
309 
310 
310 
310 
310 


B46 


A46 
B49 
A49 
B56 


‘AS6 


B46 
A46 
B49 
A49 
B56 
AS56 
B49 
A4g 
B56 
AS6 
B46 
A46 


B46 


A46 


B49 
~A49 


A58 
B48 
A48 
B51 
A51 
B58 
A58 


B48 


A48 
B51 
A51 
B58 
A58 
B51 
A51 
B58 
A58 


B48 
A48 


B48 
A48 
B51 
A51 
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P2 


po 


p2 
p2 
P2 
p2 
p2 
p2 
P2 
PS 
PS 
PS 


| PS 


P5 
P5 
PS 
PS 
P5 
P5 


PS 


PO 


PS 


P5 


Memory 
Plug 


28 
30 
32 
34 
36 
38 


Pins 


29 
31 
33 
35 
37 
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Table 4-36. Memory Read Switches and Plugs--Continued 


Memory Read switch Memory » Memory Read switch Memory 
channel — board pins Plug Pins channel board pins Plug Pins 
M134 310 B56 B58 P5 «=630- 31 M316 312 A46 A48 P6 #15 16 
M136 310 A56 A58 P5 32 33 M320 312 B49 B51 P6 «18 «19 
M300 311 B46 B48 P6 lL. 2 M322 312 A49 A51 P6 = 20 «21 
M302 311 A46 A48 ~~ P6 3 4 M324 312 B56 B58 = P6—«i2Ds 2 
M304 311 B49 B51 = PHC(‘ “SSCS | M326 312 A56 ASB = PB o24 25 
M306 311. A49 A51 P6 7 8 M330 313 B49 B51 P6 26 27 
M310 311 B56 B58 P6 9 10 M332 313 A49 A51 P6 =28 = 29 
M312 311 A56 A58 PG ll 12 M334 313  A56 A58. P6330: 31 
33 


M314 «312«B46 «B48 PECs M336 313 «ASG «ASB PG 32 


Replace the write switch boards 433 and 434 and rerun memory test. If the 
channel passes without a parity replace original boards one at a time to 
determine which one is defective. If new write switch boards do not correct 
the parity, replace original board and proceed to paragraph (7) below. 


Replace write amplifier boards 437 and 439 and rerun memory test. If 
channel passes successfully, replace write amplifier boards one at a time to 
determine which one is defective. If the new write amplifiers do not correct 
parity, replace original boards and proceed to paragraph (8) below. 


Determine from table 4-37 the circuit board associated with the write head | 
wiring. For example, channel 004 is associated with write amplifier board 
436. If the defective channel is associated with a circuit board which has 
not as yet been replaced, replace this board and rerun memory test. If the 
defective channel wiring is associated with a board that has already been 
replaced, proceed directly to paragraph (9) below. 


Refer to ™ 9-1220-221-34/1/1 and reference al] boards, write switch and 
write amplifiers associated with the defective channel. For example, W64 
has associated with it boards 436, 433, 437, 434, and 439. Replace these 
boards if not previously replaced and retest. If the channel passes suc- | 
cessfully replace these boards one at a time to determine which one is 
defective. If replacement of these boards does not correct the error, 
replace the original boards and proceed to paragraph (10) below. 
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Channel Write head wiring 


W00 
W00/ 
WOOCT 
WO2 . 
W02/ 
WO2CT 
W04 
W04/ 
WO4CT 
W06 
WO6/ 
WO6CT 


~ W10 


W10/ 
W10CT 
W12 
W12/ 
W12CT 
W14 
W14/ 
W14CT 
W16 
W16/ 
W16CT 


439 —— 
437 


434 


438 


438 
434 
436 
436 
434 
435 
435 
434 
434 
434 
434 
434 
434 
434 
433 
433 
434 
433 
433 
434 
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Table 4-37. Memory Write Amplifiers and Plugs 


A63 
A63 
A58 
A63 
AA 
A58 
63 
A 
A58 

(N63 
Ad 
A58 
B31 
B38 
A58 
A45 
B40 
A58 
B31 
B38 
A58 
A45 
B40 


A58 © 


Memory 
Plug Pin 
P4 1 
P4 2 
P4 17 
P4 3 
Ph 
P4 617 
P4 5 
p46 
P4 = =17 
P4 7 
P4 8 
P4 «617 
P4 9 
P4 =10 
P4 17 
P4 | 11] 
P4 = 12 
P4 = 17 
P4. = 13 
P4 «14 
P4 17 
P4 8615 
P4 =: 16 
P4 «17 


Channel 


W20 
W20/ 


W2OCT 


W22 
W22/ 
W22CT 
W24 
W24/ 
W24CT 
"26 
W26 / 
W26CT 
W30 
W30/ 
W30CT 
W32 
W32/ 
W32CT 
W34 
W34/ 
W34CT 
W36 
W36/ 
W36CT 


Write head wiring 


439 
437 
434 
438 
438 
434 
436 
436 
434 
435 
435 
434 
434 
434 
434 
434 


434 


434 
433 
433 
434 

433 

433 
434 


Memory 
Plug Pin 
PA 34 
PA 35 
PA —«18 
PA «36 
P4337 
PA «18 
PAs-38 
Ph 39 
PA «18 
P4440 
PA 
PA s«18 
PA 42 
PA «43 
PA «18 
P44 
Pa «45 
pA 18 
PAG 
P47 
Pa «18 
PA 48 
PA 49 
P4118 
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4-66. TROUBLESHOOTING--Continued 


Table 4-37. Memory Write Amplifiers and Plugs--Cont inued 


Memory 
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7 Memory 
Channel Write head wiring Plug Pin Channel Write head wiring Plug Pin 
‘W40 439 B65 P3 = 1s|s«WS6CT 434 A6 P3117 
~W40/ 437 B65 P3 «362 ~«|:«CW6O 439 A61 P3344 
W40CT 434 A6 P3 17 | W60/ 437 A61 P3355 
W42 438 B65 P3. = 3)—«|:s«W6OCT 434 A2 P3.— «18 
W42/ 438 A3 P34 ss «W62/ 438 N6 P3237 
W42CT 434 A6 P3. 17 =| W62CT 434 A2 P3 «18 
w44 436 B65 P35 C64 436 A61 P3 38 
W44/ 436 A3 P3—_ 6C*dY:sCW64/ 436 A6 P3339 
W44CT 434 A6 P3 17 | W6A4CT 434 A2 P3.s«18 
W46 435 B65 P37~«|:s«W66 435 A61 P3 40 
W46/ 435 A3 P3— 8ss|:s«W66/ 435 A6 P34 
WAECT 434 A6 P3 17 | W66CT 434 A2 P3 «18 
W50 434 B30 P3 9 | W70 434 A30 P3 «42 
W50/ 434 B37 P3 10 | W70/ 434 A373 
W50CT 434 AG P3 17 | W7OCT 434 A2 P3118 
W52. 434 A48 P3 11 | W72 434 A39 P3444 
W52/ 434 B43 P3 12 «=| W72/ 434 A43 P3445 
W52CT 434 AG P3 17 | W73CT 434 A2 P3 «18 
Ww54 433 B30 P33. | W74 433 A30 P3446 
W54/ 433 B37 P3114 «| «W74/ 433 A37 P3447 
W54CT 434 A6 P3. 17 «| W7A4CT 434 A2 P3118 
W56 433 A48 P3 «15 «| W76 433 A39 P3 «48 
W56/ 433 B43 P3116 W76/ 433 A43 P3 49 
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Table 4-37, Memory Write Amplifiers and Plugs--Cont inued 


| Memory — 2 - Memory 
Channel Write head wiring Plug Pin Channel Write head wiring Plug Pin 


W76CT 434 A2 P3. «18 W116CT 433 A2 P8 = 18 


W100 439 A64 P81 | W120 439 AGO = PB 34 
W100/. 437 A2 P82 «| «120/437, P8 35 
W100CT 433 A2 PS 18 | W120CT 433 ~~ AG PB 30 
w102 438 n64 i (iiPBCs«d|:sCW122 438 = AGO P8 36 
W102/ 438 A2 Pg 4 W122/ ss 438 | A7 P8 37° 
W102CT 433 A2 P8 18 | W122CT 433 AB PB 
W104 436 A64 P85 «| «W124 436———t—«CO P8338 
W104/ 436 A2 P86 C«d|s«CW124/ «436 A7 P8 30 

“wioscT 433 R2 ps8 18 | W124CT 433 6 OB 380 
W106 435 64 PBOTs'|s (W126 435 AGO P8 40 
W106/ 435 2 —siPBCC*dL:CW2G/—its« AT PB 4] 
W106CT 433 A2 * ps8 18 | Wi26CT 433 AG P8 30 
W110 434 B34 ps «gs«|sW130 434 B35 PBA? 
W110/ 434 A28 P8 10 | W130/ 434 B28 P8433 
W110CT 433 A2 P8 18 | W130CT 433 AG PB 30 
W112 434 A20 p81 | w132 434 Aig PBA 
W112/ 434—i—“‘<i«~‘«é«éi P8 12 | wi32/ 434 Aza PROS 
W112CT 433. A2 P8 18 | W132CT 433 N6 PS 30 
W114 433 «=. «B34ti(itéiB;tC«as*dYs 34 433 B35 PB «46 
W114/ 433 A28 P8114 «| «W134/ 2 433. B28 P8 AT 
W114CT 433° ~—A2 P8 18 | W134CT 433 AG P8 30 
W116 433 A20 PS 15 | W136 433 A19 PS 48 
W116/ 433 B24 PS 16 «| «W136/ 2433 A24 PB «49 
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4-66. TROUBLESHOOT ING--Continued 
Table 4-37. Memory Write Amplifiers and Plugs--Cont inued 


| Memory Memory 
Channel Write head wiring Plug Pin Channel Write head wiring Plug Pin 


W136CT 433 A6 P8 30 | W316CT 433 A58 P7 «18 
W300 439 AG65 P71 =«| w320 439 A59 P7344 
W300/. 437 A65 P7 392 | W320/. 437 AS9 P7 35 
W300CT 433 A58 P7 18 | W320CT 433 B64 P7 30 
W302 438 Ags P73 | W322/ 438 P7 37 
—W302/- i488 ets P74s«|sOW322CT = «4333 B64 P7330 
W302CT 433 A58 p7 18 | w324 436 ABS P7 38 
W304 436 AG5 P7 = 5 «| sW324/ «436 B7 P7 39 
W304/ 436 ALP?) «6s |: W324CT «= 433sé P7330 
W304CT 433 A58. P7 18 | W326 435 AS P7 40 
W306 4350—~—iCi‘«*«‘ SS P7 «'7 | W326/ 435 B7 P74 
W306/ - 435 Al P7 8 | W326CT 433. — B64 P7 ~—30 
W306CT 433 ASB P7 18 | W330 434 —s«B36 P7 - 42 
W310 434 136 P7 3899 | W330/ 434 B29 P7. 43— 
-W310/ 434 A29 P7 10 | W330CT 433 ~~ B64 P7 =: 30 
W310CT 433 A58 P7 18 | W332 434 - B26 P74 
W312 434° A26 P7 11 | W322/ 434 A23 P7 45 
W312/ 434. siBRBsCéiPTss|s OCT 43 B64 «P7300 
W3120T 433 ASS P7 18 | W334 433 B36 P7 «46 
W314 433 A36 P7113 W334/ 4330 B29 P7 47 
W314/ 433 ‘A29 P7 14 | W334CT 433 B64 P7 30 
W314CT 433 ABB P7 «18 | W336 433 B26 P7 48 
W316 433 A266 4=SP7?S15 | W336/ 433,—=—— (ssi 
W316/ 433 B23. P7-—«16-| (W336CT «433 B64 P7330. 
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10 Refer to table 4-36 and determine memory plug associated with defective 
channel. For example, channel 024 is plug P2 pins 1 and 2. Remove the 
plug from the memory, clean the male pins on the memory jack and the female 
pins on the plug using trichloroethylene (NSN 6810-00-664-0338). Reconnect 
plug and tighten securely. Repeat cleaning procedure for memory plug used 
in writing; refer to table 4-37 for plug and pins associated with write 
tt ei Rerun memory test; if parity persists, proceed to paragraph 

11) below. 


CAUTION 
When using the ohmmeter to measure resistance do not place 
ohmmeter probes on pins B39 and B41 of read switch board 303 or 
pins B59 and B60 of pulse generator board 432. Do not place 
ohmmeter probes on pins 22, 23, 47, and 48 of memory jack JOOL. 
These are the sector track and clock read heads and this informa- 
tion may be damaged by the ohmmeter current. 


NOTE 
For any given memory unit the resistance measured should be 
the same for all heads. For example: if resistance 
measured was 17 ohms then all heads should be near 17 ohms. 
Use extra caution in establishing a good electrical contact 
when uSing the ohmmeter roe this measurement. 


11 Remove the read switch board associated with the defective channel accord- 
ing to table 4-36. Make a resistance measurement between the two pins on > 
the read switch board connector. For example, channel 042 is board con- 
nector 305 pins A46 and A48. The ohmmeter should be on the R x 1 range; 
zero the meter to obtain the most accurate measurement. The resistance 
Should be between 14 and 19 ohms. The resistance of the read head should 
be constant, that is, it should not vary in any way. When the resistance 
is changing or slowly floating it usually indicates a cold solder joint or 
an insecure connection in the wiring, plug, or memory. To eliminate the 
wiring and plug remove the plug and check the resistance directly at the 
memory jack; check continuity of wiring between memory plug and board pin. 
Examine plug to eliminate possibility of a loose solder connection within 
the memory plug itself which could cause intermittent parity errors. Refer 
to table 4-36 for the correct pins. When the resistance measurement of the 
read head is less than 14 ohms or more than 19 ohms the read head may be 
defective; however, before changing the memory measure the read circuitry 
ground loop resistance accerding to step (13) of this procedure. An open 
or cold solder joint in the group loop may result in a parity. If the read 
head resistance measurement is between 14 and 19 ohms proceed to step (12) 
of this procedure. 


12 Refer to table 4-37 and determine the write head wiring connections for the 
defective channel. Measure the resistance between the one and prime sides 
of the write head first. The resistance measurement should be 2 ohms. Now 
measure the resistance between each side and the center tap. The resistance | 
measurement should be 1 ohm. When the resistance is not within tolerance, 
check the wiring and plug before changing the memory. If the resistance is 
within tolerance, proceed to step (13). 
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13 


14 


4-66. TROUBLESHOOTING--Continued 


CAUTION | 
When using the ohmmeter to measure resistance do not place the 
ohmmeter probes on pins 21, 22, and 23 of memory jack J003 or 
pins 21, 22, and 23 of memory jack J004. These pins are the 
write head connections for the clock and sector track and the 
information will be damaged by the ohmmeter current. 


Locate board connector 301 pin B60. Remove (unsolder) the black wire from 
313 A57 on 301 B60. Do not remove the remaining black wire on this pin. 
Insert an ohmmeter in series with pin B60 and the wire that was removed. 

The resistance would be 0.5 ohms or less. When the resistance is greater 
than 0.5 ohms there is a cold solder joint in the ground loop, refer to 
figure 4-90 for read shield ground wiring. After making the resistance 
measurement replace the wire on pin B60, board 301, When it appears that 
the parity error exists only during the first few minutes of operation or 
that the parity error is intermittent it may be helpful to run the memory 
test in one of the five marginal test positions. An intermittent parity 
may become more consistent in a marginal position which will aid in trouble- 
shooting. If it appears that the parity error disappears after running the — 
computer in a few minutes it may also be helpful to measure the resistance 
of the read and write heads before turning the computer on and then again 
after the computer has peerete for a period of time and compare the 
measurements. 


When the resistance measurement of the read or write head indicates either 
one is defective or after al] other possibilities have been exhausted, the © 
memory should be replaced. (Refer to para 5-8.) If possible, the defec- 
tive memory should be installed in another computer to verify that it is 

the cause of the parity. With a new memory in the computer the defective 
channel must pass the memory test. 
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Figure 4-90. Shield Ground Loop for Read Head Circuitry. 
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Section VII. Computer Board Circuitry 


4-67. SCOPE 


This section provides the technician with a detailed explanation and an elec- 
trical schematic of each FADAC circuit board. It contains a brief theory of 
operation on the circuitry located on each board and a reference to other 
sections of this chapter that utilize these various circuits. 


NOTE 
All component designations can be referenced to actual component 
value by referring to TM 9-1220-221-34P under the board in ques- 
tion. | 


4-68. POWER CONTROL A BOARD 


The power control A board is intended to monitor extreme ambient temperature | 
conditions and to detect cooling fan failures. The board consists of the low 
memory temperature detector, the low and high temperature warning detector, 
and the low and high temperature kickout detector circuits. TM 9-1220-221- 
34/1/1 contains the schematic of the power control A board. See section II 
for its integrated function in power control of the FADAC. 


4-69. POWER CONTROL B BOARD 


a. High Voltage Kickout Detector. Gives a false output (0 volts) when 
prime input voltage exceeds 140 vac. This prime input voltage level is 
- detected by an unregulated -27-volt power control power supply. When 
the input prime voltage is at 140 vac the output from the unregulated 
-27-volt source is -31.5 volts. This unregulated source is the input 
to the high voltage kickout detector. | 


b. Low Voltage Kickout Detector. Gives a false output (0 volts) when 
prime input voltage is less than 80 vac. The input to the low voltage 
kickout detector is the same -27-volt unregulated supply to the detec- 
tor will be -16.5 volts if the prime voltage is 80 vac. 


c. Low Voltage Warning Detector. Gives a false output voltage (0 volts) 

when prime input voltage is 108 vac or less. The -27-volt input source 
will be at -20 volts or greater (e.g., -19 volts). The TRANS indicator 
will flash. 


d. High Voltage Warning Detector. Gives a false output voltage (0 volts) 
when prime input voltage is 132 vac or more. The -27 volt input source 
will be at -29.5 volts or less (e.g., -30 volts). 


e. Low Voltage Transient Kickout. Gives a false output voltage (0 volts) 
when prime input voltage is below 100 vac for 7 or more seconds. The 
-27-volt input voltage will be -18.6 volts for 7 or more seconds. 


f. Voltage Warning Inverter. Gives a true output signal when one or both 
of the inverter inputs are false. See foldout-1 for inputs to voltage 
warning inverter. 
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g. Main Power Relay Driver. Activates the main relay which applies power 
| to the computer. | 


h. Memory Motor Relay Driver. Activates a relay to anos the power to the 
memory motor when the memory motor. temperature is above a specific 
limit. 


NOTE 
See section II for the power control B board function of the 
computer. 


4-70. POWER CONTROL C BOARD 
Power control C board consists of and is intended to do the fol lowing: 


a. TD/WI Flip-flop. Inhibits the normal operation during the turnon and 
turnoff state of the computer. 


b. TD Circuit. AViowse tive memory motor. te attain operating speed during 
the turnon state. 


c. Temperature Warning Inverter. Gives a true output signal when one or 
both of the inverter inputs is false. See foldout-1 for input terms. © 


d. Keyboard and Mechanical Reader Solenoid Switch Driver. Operates power 
transistors. See section V for further explanation. a 


e. Primary Power Rectifiers. Applies a dc voltage to a relay (K1) (FO-1). 


f. Phase Detector Rectifiers. Operates relays to apply the proper phase 
voltage to the memory and blower motors. See section II of this 
chapter. | | 


NOTE 
See section II for the power control C board function of the 
computer and section V for erecul ts: associated with input-output. 
circuitry. | 


4-71. POWER SUPPLY SUBASSEMBLY (CAPACITOR ASSEMBLY) 


NOTE 
Refer to section III for the power supply function in the power 
supply circuitry. 


This assembly consists of two fullwave diode rectifier bridges, various capa- 
citors, a power transistor, and a power resistor used in the power supply 
Circuits of the computer. Each rectifier bridge circuit uses six diodes to 
supply fullwave rectified voltages to the +150-volt regulator and the -18-volt 
pwn (pulse width modulated ) regulator. The power transistor is used as a shunt 
regulating element in the -1.5-volt regulator. The capacitors are used through- 
out the power supply circuits as filter capacitors, blocking capacitors, and 
by-pass capacitors. 
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4-72, TRANSISTOR ASSEMBLY BOARD 


NOTE 
Refer to section III for its function in power supply circuitry. 


This assembly consists of six PNP transistors which are used as series or shunt 
regulating elements in the power supplies used in the computer. These transistors 
operate either class A (between cutoff and saturation) or as a switch (cutoff 

or saturation). The impedance presented by each transistor may be controlled 

by the base. Regulation of the external circuit is thereby obtained. 


4-73, RECTIFIER TRANSISTOR ASSEMBLY BOARD 


NOTE 
Refer to section III for its function in power supply circuitry. 


This assembly houses the power rectifiers used to convert three-phase voltage 
into dc voltages. It also contains the medium power transistors used as 
drivers for several of the regulated power supplies. Zener diodes, mounted on 
the board, are used to establish bias levels for the power supplies. 


4-74, VOLTAGE REGULATOR SUBASSEMBLY (REGULATOR NO. 1) BOARD 


NOTE 
Refer to section III for its function in power supply circuitry. 


This voltage regulator subassembly contains the control elements of a +6-volt- 
type series-voltage regulator, a +3-volt shunt-type voltage regulator, and a - 
3-volt shunt-type voltage regulator. Provisions are made for fail safe remote 
sensing at the load for increasing or decreasing the output voltage by five 
percent for marginal testing procedures. Temperature compensated over-current 
protection is provided for the +6-volt and the -10-volt regulators. When 
overcurrent conditions are detected, a signal is sent to an external master 
trip circuit that shuts down selected regulators. Efficiency is increased by 
directing the +6-volt load current through the -3-volt shunt regulator and its 
load. | 


4-75, VOLTAGE REGULATOR SUBASSEMBLY (REGULATOR NO. 2) BOARD 


NOTE 
Refer to section III for its function in power supply eiveuttry 


This voltage pecuiator contains the éontrol elements of a +150-volt series- 
type voltage regulator, a -1.5-volt shunt-type regulator, and a +15-volt 
Series-type regulator. Seovicions are made for fail safe remote sensing at 
the load for increasing or decreasing the +15-volt output voltage by five 
percent for marginal testing procedures. Temperature compensated overcurrent | 
protection is provided for the 150-volt and +15-volt regulators. When over- 
current conditions are detected, a signal is sent to an external master trip 
circuit that shuts down selected regulators. 


4-76. VOLTAGE REGULATOR SUBASSEMBLY (REGULATOR NO. 3) BOARD 


NOTE 
Refer to section III for its function in power supply circuitry. 
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This voltage regulator subassembly contains the sensing and amplifier portions 
of a +1.25-volt shunt regulator, the sensing and amplifier portions of a -18- 
volt pulse width modulated regulator and nixie neon supply circuits. 


a. +1.25-Volt Shunt Regulator. With the output power transistors con- 
nected to the voltage regulator and the -18-volt pulse width modulated 
regulator operating to supply the current, the +1.25-volt shunt regu- 
lator is designed to maintain its +1.25-volt level for a load of 1.27 
to 1.88 amps. 


b. -18-Volt Pulse Width Modulated Regulator. With the output power tran- 
sistors and the filtering portions connected to the voltage regulator 
the -18-volt pulse width motor modulator is designed to maintain -18 
volts for variation in a load from 3.2 to 5.6 amps. 


c. Nixie Neon Supply. The nixie neon supply by the use of zener diodes 
and a +150-volt supply will output +138-volt, +73-volt bias voltage for 
the nixie driver circuits. : 


4-77. VOLTAGE REGULATOR SUBASSEMBLY (REGULATOR NO. 4) BOARD 


NOTE | 
Refer to section III in power supply circuitry. 


This voltage regulator subassembly contains the sensing and amplifier portions 
of a +35-volt series regulator, the sensing and amplifier portions of a 6-volt 
pulse width modulated regulator, and a master trip circuit. 


a. +35-Volt Series Regulator. With the output power transistors connected 
to the voltage regulator the +35-volt series regulator is designed to 
maintain +35 volts for a variation in load from 0.39 to 1.02 amps. 


b. -6-Volts Pulse Width Modulated Regulator. With the output power 
transistors and the filtering portions connected to the voltage re- 
gulator the -6-volt pulse width modulated regulator is designed to 
maintain -6 volts for a load variation from 3.8 to 6.7 amps. 


c. Master Trip Circuit. With the master trip circuit connected to the 
+150-, +35-, +15-, +6-, -6-, -10-, and -18-volt regulators, the master 
trip circuit will turn off all of the above regulators whenever an 
overcurrent is sensed by any one of the above regulaters. The master 
trip circuit remains tripped until it is reset by removing the power 
from the master trip circuit by turning off the computer. 


‘4-78. PULSE GENERATOR (CLOCK) 


The pulse generator is intended to form, amplify, and generate three output 
signals to be used for synchronizing the computer circuits. The input is 
derived from a synchronous 448 KHz sine wave signal, permanently recorded on 
the timing or clock channel of the memory disk. The theory of operation is as 
follows (fig. 4-91): 7 


a. Clock Pulse Circuits. The clock sine wave from the memory disk is 


amplified in the preamplifier and applied to the first limiter stage as 
a 3 +2-volt peak-to-peak signal. This sine wave is shaped into a 
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4-78. PULSE GENERATOR (CLOCK)--Continued 


Square wave in two successive limiter (clipping) stages. The output of 


the second limiter stage is the input into a differentiator and drive. 


Differentiation of the input square wave results in an output of posi- 
tive and negative pulses. The negative going pulse drives an emitter- 
follower into conduction which in turn triggers. the next stage, a . 
monostable multivibrator. The monostable multivibrator (one shot) 
generates the required pulse width of the clock pulse. Circuit con- 
Stants of the one shot are such that the clock pulse is true for 1.7. 
microseconds and false for 0.5 microseconds. True level is -6 volts +1 
volt, false level is 0 to -0.5 volts. The clock pulses are then applied 
to the two final amplifiers to develop the clock output and the strobe 
Output. The strobe output is the exact inversion of the clock output. 
The strobe output is used in read amplifier circuits. | 


MARGINAL CLOCK | 
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| | : | NARROW) | 
| _ FIRST SECOND DIFFERENTIATOR 7 MONOSTABLE 
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READ PREAMPLIFIER 
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- - AMPLIFIER OUTPUT 
THIRD : 
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FINAL ~-0-CLOCK 
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FIRST SECOND NAL STB 
AMPLIFIER. AMPLIFIER AMPLIFIER 
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Figure 4-91. Block Diagram of Clock Pulse Circuits. 


Split Synchronous Clock. The clock pulse drivers are so arranged that 
one set of clock pulse drivers drive the one side (1 ‘clock output) of 

all flip-flops while a second set drive the zero side (@ clock output) 
of all flip-flops. 
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4-79, LOGIC FLIP-FLOP BOARD 


NOTE | 
Refer to section IV to see how the FALT tests canes flip-flops 
and logic gates. 


The logic flip-flop circuit board consists of two bistable multivibrator 
circuits used for performing logical computer processes such as counting and 
storing information. Each bistable multivibrator is capable of driving 28 
standard logical gates. Each flip-flop has a zero side input and output and a 
one side input and output. When the logic to the one input is true and the 
clock pulse goes false the one output of that flip-flop will be true (-6 
volts) and zero output will be false (0 volts). It will remain in this state 
until the logic for the zero side comes true and the clock pulse goes false. 
At this time the one output will be false (0 volts) and zero output will be 
true (-6 volts). The circuit board also contains logic gates ("and" and "or" 
gates) which are connected to various points in the computer to mechanize the 
logical processes which the computer performs. 


4-80. LOGIC DRIVER BOARD 


The logic driver circuit board consists of 20 identical driver circuits. Each 
circuit is used to provide power amplification of primary “and" gate outputs 
to drive 20 secondary "and" gates. 


4-81. NETWORK A BOARD 


There are five of these boards in the computer. Qn each board there are five 
input drivers, five output drivers, a logic driver, and two neon drivers. The 
theory of operation of each circuit is explained below. 


| | “NOTE — 
Refer to table 4-38 for Ay input and output terms for all net- 
work A boards. 


a. OQutput Driver. These drivers consist of two transistor circuits using, 
Ql and Q8, Q2 and Q9, Q3 and Q10, Q4 and Q11, and Q5 and Q12. These 
drivers convert logic signals into output signals. An example of a 
typical output driver is shown in figure 4-92. When A,input is false 
(0 volts) Q1 is in effect open. The voltage at the pave of Q8 is -6 
volts. The bias voltage at the emitter to base junction of Q8 is 0. 

Therefore, Q8 is in effect open, resulting in a false output at the 
coljector. When A, input is true (-6 volts) Q1 is forward biased and 
hence turns on. The collector of Q1 is now a potential of -1.5 volts. | 
.The base of Q8 is now more positive than the emitter and hence this 
transistor turns on producing a true output or -6 volts. 


b. Input Driver. These drivers consist of two transistor circuits using 
~Q13 and Q18, Q14 and Q19, Q15 and Q20, Q16 and Q21, and Q17 and Q22. 
These circuits convert computer input signals into logic Signals. An 

example of a typical input driver circuit is shown in figure 4-93, 

When A, input is false (0 volts) Q13 is forward biased. The base of 

Q13 witl be approximately -1.5 volts. Q13 is now forward biased and 
will conduct. A, Output will be at a false potential (0 volts) due to 

the forward bias of CR19. When A, input is true (-6 volts) Q13 is 
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4-81, NETWORK A BOARD--Continued 


reverse biased and its collector voltage arises to +6 volts. This 
voltage reverse biases Q18 cutting it off. The A, output is now at a 
true level (approximately -6 volts). | | 


_ TTWO a —- QUTPUT) 
RI5 


R2 | | a6 : | 


OINPUT! “¢ be 


>R7 
Or-15v | | )-i8V a | () -6V ARR 80-1307 


Figure 4-92. A, Driver Circuit. © 


0 

AICUTPUT | 

C3 | CRI9 CRIG 
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—O -6v ARR 80-1482 


Figure 4-93. A, Driver Circuit. 
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Logic Driver. This circuit is the same as those on the logic driver 
board. The transistors used are Q23 and Q25. 


a NOTE ©. 
Refer to table 4-38 for A, input and output terms for all network 
A boards. | 
Neon Driver. These drivers consist of two transistor circuits, Q6 and 


“ai. 


Q7 in one and Q24 and Q26 in the other. These circuits utilize logic 


signals to drive the neon indicators on the front panel. The two neon 


driver circuits are shown in figure 4-94 for Nl drivers and figure 4-95 — 


for N2 drivers. 


NOTE 


Refer to table 4-38 for Nl and N2 input and output terms for aly network 
_A boards. 


(1) Nl neon drivers. When any one of the Nl outputs are false the 


emitter of Q6 will be at a 0-volt potential. Q6 is now biased off. 
Since Q7 is open circuited, the collector of Q7 will see the voltage 
developed by the voltage driver made up of R13 and R14 or approxi- 
mately +111 volts. Nl output is connected to one side of a neon — 
lamp. The other side of the neon lamp is connected to +138 volts. 
Approximately 90 volts difference of potential is needed to ionize 
the lamp. Therefore, with +111 volts at the collector of Q7 and 
+138 volts on the other side of the neon lamp, the lamp will not 


light. When all the Nl inputs are true the emitter of 06 will be at 


a -6 volt potential and that transistor will be forward biased. Q7 


now has a return path and therefore, will conduct. The collector of | 


Q7 will be at approximately -6-volt potential. The voltage across 
the neon lamp is now sufficient to cause ionization. 


(2) N2 neon drivers. When any one of the N2 outputs is false, a 0-volt 


potential will be present at the base of Q24. The emitter of Q24 
will be present at the base of Q24. The emitter of Q24 will be at 

a -3-volt potential. Therefore, Q24 will conduct being forward 
biased. Q26 will also be forward biased and will conduct heavily; 
-3 volts will be present at the collector of Q26. The N2 output is 
connected to one side of a neon lamp. The other side of the lamp is 
connected to +138 volts. With N2 output approximately at -3 volts, 
the lamp will light. When all the inputs are true the base of Q24 
will be at a -6-volt potential. This will in turn cut off Q24 and 
open circuit Q26. The collector of Q24 will not be at a +150-volt 
potential and the neon lamp wil] extinguish. 


Matrix Decoder. The decoder matrix consists of the diodes shown in TM 
9-1220-221-34/1-1 on all five network A boards. This circuit is used 
to convert the signals from the matrix buttons, the set up buttons’, : 
etc, into the proper codes for use in logic. 


NOTE 


Refer to section V to see its use in input-output circuitry. 7 


® 
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Table 4-38. Network A Input and Output (sheet 1 of 3). 
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Table 4-38. Network A Input and Output (sheet 2 of 3). 


_ [or [ace] 203] soa] aos” 


D3 INPUT 4%A26 


DI INPUT 1143 b : 
DI INPUT 2/A5 ae ee L 
0D! INPUT 3}A6 aa ae 9| OUTPUT 
O1 INPUT 4/48 ae ae = 
3 D2 INPUT I} Al2 
SF D2 INPUT 2] AI4 —_+— | 
SG D2 INPUT 3] AI5 .2 OUTPUT 
SH D2 iNPUT 4] als ent essen ~~ 
SC D3 INPUT | a pawl 
SD D3 INPUT 2 A23 haa 
SH 


> 
Bay 


CLIINPUT Cul OUTPUT 


CL2iINPUT CL3 OUTPUT 


CL3 INPUT I AI9 CL3 OUTPUT 


ae 


+ 15V 
GRO. PWR. 


CLAMP A32 


l 


CLS OUTPUT 
-18V 


CUSINPUT $A55 


DIODE 1B 
DIODE 28° 


DIODE IA =f aA3zi 
DIODE 2A | A28 


TApE-122e-022T-6 WL 


TM 9-1220-221-34/1 


4-81. NETWORK A BOARD--Continued 


Table 4-38. Network A Input and Output (sheet 3 of 3). 


}401_ | so2] 403 | 404 | 405, 
PI2!INPUT 11444 
PIQ INPUT 21446 


P! INPUT 41441 


PIOUTPUT 


P2 OUTPUT 


P3 OUTPUT 


7 


P4 INPUT 3]/A62 P4 OUTPUT 
P4 INPUT 4 163}—_—__e 
-I8v 
—-6V 


NI INPUT | CRI 
+150 V 
NI INPUT 2 CR2 
NI INPUT 3 CR3 Q6 Q7 NI OUTPUT 
RI RI2 
C) - 18V Cr) 3V () +662 = ARR 80-1483 


Figure 4-94, Neon Ny Driver Circuit. 
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+150 V. 
R62 
N2 OUTPUT 
oe one 
CR36 ars Tare R65 
N2 INPUT | R63 
CR25 RSC 
N2 INPUT 2 
CR26 U = 
eS +66V 
R54 
=IeY ARR 80-1484 
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Figure 4-95. Neon N, Driver Circuit. 


NETWORK B BOARD 


The board has 1 anode driver, 12 cathode drivers, 1 inverter, 1 clock driver, 
and 5 crempins circuits on it. There are four network boards. 


NOTE 
Refer to ™ 9-1220-221-34/1/1 for input and output terms of an 
network B boards. 


Anode Driver. This circuit uses Q2, Q11, and Q12. The anode driver 
controls the voltage on the anodes of the nixies on the readout panel. 
Refer to section V for its function in outputting information through 
the nixies. 


Cathode Driver. These are one-transistor circuits using Q3 thru A8 and 
Q13 thru Q19. The cathode drivers control the voltage on the cathode 
of the nixies on the readout panel. Refer to section V for its func- 
tion in outputting information through the nixies. 


Inverter. Q9 is the only transistor in the inverter. This circuit 


inverts a clock signal to provide a strobe signal to field data equip- 
ment. 
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4-82. NETWORK B BOARD--Continued 


d. Clock Driver. Q1 and Q10 are in this circuit. The clock driver sup- 
plies a clock signal to field data equipment. 


e. Clamping Circuits. These clamps use CR17, CR18, CR19, CR21, and CR22. 
They are used to clamp the input lines from keyboard, the mechanical 
reader, and the SDR. The clamp using CR22 has an "or" gate connected 
to it so that the FALT signal may replace the input signal. 


| NOTE 
Refer to section V for use of Some of these circuits. 


4-83. NETWORK C BOARD 


This board contains a 10 Hz multivibrator, a neon driver, pulse stretcher cir- 
cuits (PS1 and PS2 one shot), the clock strobe circuit, the teletype (TT) 
flip-flop and a battery anode supply circuit (BAD supply). 


a. Neon Driver. Transistors Q5 and Q6 make up the neon driver circuit 
which controls the illumination of the KEYBOARD indicator (NE=3) on the 
control panel. Circuit operation is identical to that of neon driver 
no. 1 on network A board (para 4-81d). | 


b. PS1 One-Shot. Q15, Q18, Q19, Q2Z, Q24, and Q28 are in this circuit. 
The PS1 one-shot is used with field data equipment while inspecting 
signals to the computer. It is used to delay input signals by a period 
of 6.2 microseconds or greater. Refer to section V for its purpose in 
inputting signals. 


Cc. PS2 One-Shot. Q15, Q17, Q20, 023, Q25, and Q29 are used in this cir- 
cuit. It is used with field data equipment while outputting signals 
from the computer. Refer to section V for its use in outputting signals. 


d. Clock Strobe. This circuit uses Q1, Q2, Q8, and Q9. The input is from 
the pulse generator (clock). The output is the strobe signal. The 
Strobe circuit provides a signal for driving the strobe switches of the 
reading system. Refer to section VI for reading and writing into 
memory. | | 


e. Ten Cycle Oscillator. This circuit uses Q21, Q26, and Q27. Q21 and 
Q27 constitute the free running 10 Hz multivibrator. Q27 is the driver. 
This circuit provides the term MOSC which causes the blinking action of 
the neon lamps on the control panel to indicate malfunctions of the 
computer. Refer to section II to see how the oscillator is used to 
indicate malfunctions. 


f. TT Oscillator. Q2, Q7, Ql1, and Q14 are used in this circuit. It is 
used to control the two-wire teletype output. Refer to section V for 
further explanation. | 


g. BAD Supply. This circuit is composed of a 6.2-volt zener diode (CR7) 
and a 22,000-ohm resistor (R11). The input is +138 volts zener. The 
output on pin B14 will be +131.8 volts. This circuit is used to reduce 
the anode supply voltage for battery display nixie indicators. 
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4-84. WRITE SWITCH BOARD 


NOTE 
Refer to section VI for an explanation of the write switches and 
other circuitry involved in writing into memory. 


The write switch board contains 12 separate write switches, write head isola- 
tion diodes, test diodes, and a temperature sensing thermistor. The write © 
switches (Q1, Q5, Q2 in TM 9-1220-221-34/1/1 make up a typical write switch) 
are used to complete continuity from the center tape of main memory write 
heads to selected wire amplifiers. The head isolation diodes isolate the 
selected write heads in the write switch matrix. The test diodes are used for 
logic testing circuitry elsewhere in the computer. The thermistor is con- 
nected to power control circuitry elsewhere in the computer. 


4-85. WRITE AMPLIFIER BOARD 


NOTE 
Refer to section VI for a detailed explanation of its function 
in Perle lag into. memory. — 


The write ‘amplifier contains two bistable flip-flop circuits with emitter- 
follower output drivers. The circuit's function is to supply a ground return 
path for the selected write head in the main memory. The two groups of diodes 
on the module are used to isolate a selected write head from other write heads 
within the computer's write switch matrix. 


4-86. READ SWITCH BOARD 


NOTE 
Refer to section VI for a detailed explanation of the read 
switch board circuits in reading and converting signals. 


The read switch board has two distinct functions. The six read switches are — 
used to select the channel to be read from main memory. These signals are 
then amplified in the read amplifier board and converted to local signals. 
The amplifier consisting of transistor circuits Q7, Q11, Q15, Q17, Q18, Q19, 
Q20, and Q21, the strobe switch consisting of transistor circuits Q10 and Q14 
and the flip-flop and driver circuits consisting of transistor circuits Q12, 
Q13, Q9, and Q16 on the read switch board are used to amplify and convert the 
Signals from the circulating registers (loops) of memory into logical signals. 


4-87. READ AMPLIFIER BOARD 


NOTE 
Refer to section VI for detailed explanation of the role of the 
read amplifier in amplifying and logic converting of read head 
Signals. — 


The read amplifier receives main memory signals from the read switches. These 
read signals are amplified and converted into logical signals. 
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CHAPTER 5 
REPAIR OF FADAC 


Section |. Common Procedures 


5-1. GENERAL 


This section contains repair procedures that are commonly used throughout the 
computer. Refer to TM 9-254 for general maintenance procedures on electronic 
equipment. 
| WARNING 
Shut down power and disconnect power source before attempting any 
removal or installation procedure. 


CAUTION 
Do not operate memory unit when the chassis is on edge and unfolded. 


5-2. REMOVAL AND INSTALLATION OF POWER RESISTORS 


NOTE 
This procedure is used by general support maintenance only. 
Refer to table 5-1 and 5-2 if required. 


REMOVAL 


1 Make note of wires soldered to 
terminals on resistor (1). 


2 Indicate which end (arbitrarily 
designated A and B) of resistor (1) 
receives which set of wires. 


3 Unsolder wires. 
4 Remove screw (2), washer (3), and 
resistor (1). 


INSTALLATION 


1 Clean excess solder from wires and 
resistor terminals. 


2 Strip insulation on wires, if neces- 
sary, to obtain clean tinned end 
with no broken strands. 


3 Install resistor (1), using two screws (2) and two washers (3). 
4 Attach wire to terminal, using at least one full turn through eyelet. 


5 Solder wires, as noted, to terminals on resistor (1). 


TM 9-1220-221-34/1 
5-2. REMOVAL AND INSTALLATION OF POWER RESISTORS--Continued 


Table 5-1. Power Resistor Location 


Reference Rating 7 National 
desig-  toler- Attaching stock no. 
nation Ohms ance Watts hardware — (Part no.) Location 
R1 125 3% 10 Screw: no. 2-56 x 1/4 5905-00-809-9651 Front of 
Washer, Helical: (10525778-18) chassis 
no. 2 assembly 
| | on upper 
R2 125 3% 10 Screw: no. 2-56 x 1/4 5905-00-809-9651 control 
, Washer, Helical: (10525778-18) (main 
no. 2 | 3 control 
| pane] 
R3 160 3% 25 Screw: no. 4-40 x 3/8 5905-00-809-9667 removed). 
| Washer, Helical: (10525778-7) 
no. 4 | 
R4 =0.1 3% 25 Screw: no. 4-40 x 3/8 5905-00-809-9655 
Washer, Helical: (10525778-2) 
no. 4 | 
R5 14 3% 25 Screw: no. 4-40 x 3/8 5905-00-809-9666 
Washer, Helical: (10525778-6) 
no. 4 
R6 40 3% 25 Screw: no. 4-40 x 3/8 5905-00-809-9665 
Washer, Helical: (10525778-5) 
no. 4 oo 
R7 32 3% 25 Screw: no. 4-40 x 3/8 5905-00-080-6497 
Washer, Helical: (10525778-3) 
no. 4 
R8 70 3% 25 Screw: no. 4-40 x 3/8 5905-00-081-1074 | 
Washer, Helical: (10525778-4) 
no. 4 , | 
RO — 200 3% 10 Screw: no. 2-56 x 1/4 5905-00-087-2718 Power 
Washer, Helical: 7 (10525778-17) supply 
no. 2 chassis 
| wiring 
R10 1 3% 10 Screw: no. 2-56 x 1/4 5905-00-087-2718 side 
Washer, Helical: (10525778-16) (main 
no. 2 control 
panel 
R11 0.1 3% 25 Screw: no. 4-40 x 3/8 5905-00-809-9655 removed 
Washer, Helical: (10525778-2) and 
no. 4 chassis 
unfolded). 
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Table 5-1. Power Resistor Location--Continued 


Reference Rating | National 
‘desig- — toler- Attaching stock no. | 
nation Ohms ance Watts hardware (Part no.) Location 
-R12 32 3% 25 Screw: no. 4-40 x 3/8 5905-00-080-6499 © 
| Washer, Helical: (10525778-3) 
no. 4 


*This information is given for guidance in replacing authorized parts. 
Do not use for requisitioning. Refer to TM 9-1220-221-34P for requisitioning. 


Table 5-2. Power Resistor Wiring 


Gage Color From To 
22 WHITE RIA 108B-57 
22 WHITE R1A 101B-36 
22 WHITE R1B 109A-48 
22 WHITE R2A 133B-65 

22 WHITE | R2B 109B-56 

—622 WHITE R3A 106A-26 
22 WHITE R3B R6-B 
22 BLACK R4A 107T-8 

22 BLACK R4B 137T-11 
22 BLACK R4B 137T-10 
22 WHITE R5A 134A-6 

622 WHITE R5A 132B-38 
22 WHITE R6A —-«:106A-6. 
22 | WHITE R6B R3-B 
22 WHITE R6B 105T-6 
22 WHITE/BLACK R7A 109A-59 

“ee> BLUE R7B 133A-26 
22 | | WHITE/VIOLET R8A 133A-57 
22 WHITE/BLUE R8B 132B-6 
20 BLACK ROA CR2-A 
22 BLACK | ROA 137T-2 
20 WHITE ROB C4-A 
20 WHITE ROB CR1-A 
22 WHITE/BLACK R10A 103T-23 
22 WHITE R108 201A-64 
20 WHITE R10B CR2-B 
20 - WHITE R11A L2-2 
20 WHITE R11A L2-2 
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5-3. REMOVAL AND INSTALLATION OF REACTORS, CHOKES, AND TRANSFORMERS 


NOTE 
This procedure is used by general support maintenance only. 
Refer to tables 5-3 thru 5-8. 


REMOVAL 


1 Make note of wires soldered to lugs 
(1) on part to facilitate installa- 
tion of replacement part. Do not 
remove more than one part at a time. 


2 oo or detach wires from lugs 
1). 


3 Remove four screws (2) and washers 
(3) attaching reactor, choke, or 
transformer (4). Support heavy 
items from beneath chassis (5). 


INSTALLATION 


1 Install reactor, choke, or trans- 
former (4) in place and attach to 
chassis (5), using four screws (2) 
and washers (3). 


2 Clean wires and terminals. Solder 
wires to lugs (1). Dress wires and 
provide as much wire service loop as 
possible. 


5-4, EXPLANATION OF SYMBOLS 
For tables 5-4 thru 5-7, the following symbols are used: 


a. An asterisk (*) after the number in the Gage column denotes 600-volt 
wiring. 


b. A letter A in the To column denotes the component side of the etched 
circuit board. 


c. A letter B in the To column denotes the wiring side of the etched 
circuit board. 


d. A letter T denotes a terminal strip. 
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Table 5-3. Reactors, Chokes, and Trans formers* 


*Do not use this information for requisitioning. 


34P. 


(10525915) 


National 
~ Reference stock no. | 
destination (Part no.) Attaching hardware 
L1 1220-00-861-3841 
(10525930) 
L2 1220-00-870-3748 Screw: no. 8-32 x 3/8 
(10525920) (MS35233-43), 
5305-00-543-2580 
L3 1220-00-862-4769 
Tl 5950-00-862-0001 Lockwasher: split, no. 
(10525905) 8, (MS35337-80), 
| | 5310-00-042-9067 
T2 5950-00-861-7103 
(10525900) 
T3 5950-00-862-0002 
(10525910) 
T4 5950-00-862-0003 Lockwasher, split, no. 


2 (MS35337-77), 
5310-00-058-2950 


Screw: no. 2-56 x 5/16, 


(MS35233-4), 
5305-00-543-2759 


Refer to TM 9-1220-221- 
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9-4. EXPLANATION OF SYMBOLS--Continued 


Table 5-4, Power Supply Wiring of Transformer T1 


Gage Color From To 
22* WHITE Tl-1 K6-1 
22* WHITE ~ T1l-1 T2-1 
22* WHITE T1-2 — K6-7 
22* WHITE T1-2 T2-2 
22% WHITE T1-3 T2-3 
22SH WHITE —~T1-3 M2=3 | 
22 | WHITE T1=4 106A-56 
22 WHITE T1-4 106A-52 
22 WHITE T1-4 ~106B-54 
22 WHITE T1-4 106B-56 
22 WHITE T1-5 106B-48 
22 WHITE T1-5 106A-46 
22 WHITE T1-5 -106A-50 
22 WHITE T1-5 106B-50 
22 WHITE T1-6 106A-45 
22 WHITE T1-6 106A-41 
22 WHITE T1-6 106B-43 
22 WHITE T1-6 106B-45 
22 WHITE T1l-7 134B-54 
22 WHITE T1-/7 134B-52 
22 WHITE T1-7 134B-56 
22 WHITE T1-7 134A-56 
22 WHITE T1-8 134A-50 
22 WHITE T1-8 134A-46 
22 WHITE T1-8 134B-48 
22 WHITE T1-8 134B-50 © 
22 WHITE T1-9 134A-45 
22 WHITE T1-9 134A-41 
22 WHITE T1-9 134B-43 
22 WHITE T1-9 134B-45 
22 WHITE T1-10 134B-63 
22 WHITE T1-11 134B-34 
22 WHITE T1-12 134A-34 
22 WHITE T1-13 134A-11 
22 WHITE T1-14 134B-11 
22 WHITE T1-15 134A-1 
22 BLACK T1-16 T2-19 
22 BLACK T1-17 T2-20 
22 BLACK Tl-17 137E-15 
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Table 5-5. 


Color 


WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
BLACK 
BLACK 
BLACK 
BLACK 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 
WHITE 


From 


T2-9 

T2-10 
T2-11 
T2-12 
T2-13 
T2-13 
T2-14 
T2-14 
T2-15 
T2-15 
T2-16 
T2-17 
T2-18 
T2-19 
T2-19 
T2=20 
T2-20 
T2-1 

T2-1 

T2-1 

T2-2 


—T2-2 
T2-3 


T2-3 
T2-4 
T2-5 
T2-6 
T2-7 
T2-8 
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Power Supply Wiring of Transformer T2 


To 


201A-41 
106B-62 
106B-33 
106A-33 
201B-54 
140-52 
201B-61 
1408-60 
201B-64 
140B-63 
134B-24 
134B-20 
134A-17 
T1-16 
T3-16 
T1l-17 
T3-17 
J20-35 
Tl-1 
M2-1 
T1-2 
M2-2 
K3-6 
T1-3 
140A-37 
140A-39 
140A-41 
201A-37 
201A-39 
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5-4. EXPLANATION OF SYMBOLS--Cont inued 
Table 5-6. Power Supply Wiring of Transformer T3 


K1-9 
1048-65 
K1-6 
T4-2 
K1-2 
140B-59 
109A-22 
109B-17 
109A-19 
109A-51 
3020-14 
J020-15 
106B-24 
106B-20 
106A-17 
106A-11 
106B-11 
106A-1 
T2-19 
T4-17 
T2-20 
T4-18 


141E-2 
T3-2 
140B-49 
204B-29 
204B-34 
109A-57 
2048-50 
204B-46 
204A-48 
132A-61 
2048-18 
2048-23 
2048-24 
204A-2 
132A-1 
2048-64 
109B-4 
T3-16 
137E-15 
T3-17 
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Table 5-8. Power Supply Wiring of Reactors and Chokes L1, L2, L3 


Gage | — Color From To 
20 | BLACK — | Li-1 107E-11 
20 BLACK L1-2 C2-A 
20 BLACK L1-2 107E-9 
20 BLACK : L1-2 -107E-8 
20000 WHITE L2-1 135E-20 
20 WHITE L2-2 R11-A 
22 a WHITE/GREY L3-1 135E-5 
20 WHITE/GREY L3-1 > CR3-B 
20 WHITE | L3-2 CR3-A 
22 WHITE —— «L3-2 107E-1 


5-5. REMOVAL AND INSTALLATION OF CAPACITOR AND BRACKET 


| NOTE 
Refer to table 5-9 if required. 


REMOVAL 


1 Make note of wires soldered to 
capacitor terminals (1). Note the 
orientation of the positive and 
negative terminals of capacitor. 
Mark if necessary. 


2 Unsolder and detach wires from 
capacitor terminals (1), remove nuts 
(2) and washers (3), and remove 
bracket (4) and capacitor (5). 


3 Remove insulator (6) from .capacitor 


INSTALLATION 
1 Install insulator (6) on capacitor (5). 
2 Assemble capacitor (5) to bracket (4). 


3 Install assembled capacitor (5) and 
bracket (4) to chassis (7), using 
nuts (2). and washer (3). Make note 
of terminal orientation. 


4 Solder wiring to capacitor terminals 
(1) of capacitor (5) in accordance 
with previously noted arrangement. 


5 Press wires against chassis (7). 
_ Leave service loop. 
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9-5. REMOVAL AND INSTALLATION OF CAPACITOR AND BRACKET--Continued 


Table 5-9. Power Supply Wiring of Capacitors 


- Gage — | Color | From | To 


20 BLACK C1A — C2A 
22  WHITE/BLUE C1B | 107E16 
20 BLACK | C2A C1A 
20 BLACK C2A L12 
22. WHITE/BLUE | C2B 107E17 
20 "3 WHITE C3A C4A 
20 WHITE C3A ROB 
22 WHITE/GREY C3B 135E2 
20 WHITE C4A ROB 

— 20 WHITE C4A C3A 
22 WHITE/GREY C4B ~~ -135E3 
20 WHITE C5-A " CB-2 
( 600v ) 
20 WHITE C5-B C6-2 
20 WHITE C5-B 135E-4 


Section Il. Removal and Installation of Specific Items 
5-6. GENERAL | 


a. Scope. This section contains procedures that are applicable and unique 
to particular parts and assemblies and that are used only once in 
servicing the computer. 


b. Reference. For procedures on removal of front and rear covers from 
case assembly, removal of chassis assembly from case assembly, removal 
of cover panels from top or bottom of chassis assembly, and removal of 
- Circuit boards, refer to TM 9-1220-221-208P. 


WARNING | | 
Shut down power and disconnect power source before attempting any | 
removal or installation procedure. 


CAUTION 
Do not unfold chassis to obtain access to wiring unless every 


means possible has been exhausted to determine if the malfunction 
is due to a broken circuit or a short. | 


5-7. GAINING ACCESS TO CHASSIS WIRING 


1 Remove chassis assembly from case assembly. 


™ 9-1220-221-34/1 — 


2 Remove upper cover (1) and loosen 
three tie bolts (2). 


3 Loosen two captive screws (3) on 
upper chassis assembly (4). 


4 a chassis along axis of hinge 
5 e 


ASSEMBLY OF CHASSIS ASSEMBLIES 


LA 
2 


— 


ey 


1 Fold chassis along hinge (5). 


2 Secure with two captive screws (3) 
and three tie bolts (2). 


3 Install upper cover (1). 


5-8, REMOVAL AND INSTALLATION OF MEMORY 


CAUTION 
Do not place magnetized screwdrivers or other maintenance tools 
within 1 foot of the memory. 


Do not place memory in an area subject to high magnetic fields. 
Do not place energized soldering irons producing magnetic field 
within 1 foot of the memory. Store clear of high current con- 

ductors or machinery. 


Protect connectors with caps or suitable devices. 


REMOVAL 

1 Gain access to memory (1220-00-861- 
3842) (1) by removing chassis assem- 
bly from case assembly. Unfold and 


remove lower cover from lower chassis 
assembly. 


2 Remove connector (2) from outer face 
of memory (1). 


3 Remove three retaining screws (3) 
from outer face of memory (1). 
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5-8. REMOVAL AND INSTALLATION OF MEMORY--Continued 


4 


INSTALLATION 


1 


“Remove two attaching screws (4) 


from two mounting brackets (5) on 
inner side of chassis assembly. 
Remove mounting brackets. 


Tilt top of memory (1) to inner side 
of chassis assembly to gain access 
to top connectors (6). Remove top 
connectors. | 


Tilt bottom of memory (1) to inner 
side of chassis assembly to gain 
access to bottom connectors (7). 
Support memory and remove bottom 
_— and temperature sensor 
8). 


Remove memory. 


Position memory (1) in place in 
lower half of computer. 


Support memory (1). Tilt bottom of 

memory to inner side of chassis 
assembly and install bottom con- 
— (7) and temperature sensor 
8). 


pe edliceecarentene are onal 
on 
a 


Tilt top of memory (1) to inner side 
of chassis assembly and install top 
connectors (6). 


Position two mounting brackets (5) 
on inner side of chassis assembly 
and attaching screws (4). 


Install and tighten three retaining 
screws (3) in the outer face of the 
memory (1). 


Install smal] connector (2) on outer 
face of memory (1). 


Fold computer together and instal] 
chassis in case. 


“s 
_—— ee 
a 

& 


x 


[ 
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5-9, REMOVAL AND INSTALLATION OF MAIN CONTROL PANEL ASSEMBLY 
REMOVAL 
1 Remove 16 bolts and washers (1). 


2 Pull away main control panel assem- 
bly (2) until free from chassis 
assembly (3) while supporting the 
main control panel assembly. 


3 Remove four connectors P2, Pl, P6, 
and P5 from receptacles J18, J19, 
J20, and J21 on chassis assembly. 


INSTALLATION 


1 Plug the four connectors P2, Pl, P6, 
and P5 respectively into receptacles 
J18, J19, J20, and J21 on chassis 

-assembly and secure tightly. 


2 Attach main control panel assembly | 
(2) to chassis assembly (3), using 
16 bolts and washers (1). 


5-10. REMOVAL AND INSTALLATION OF BLOWER 
REMOVAL | 


1 Remove main control panel assembly. 


CAUTION 
Avoid damage to gasket (1). 


2 Disconnect blower connector (2) and 
- remove eight screws (3) and washers 


NOTE 
The illustration shows removal 
of lower blower. Blower on 
. upper part of chassis is re- 
moved in a-Ssimilar manner. 


3 Remove blower (5). 
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5-10. REMOVAL AND INSTALLATION OF BLOWER--Continued 
INSTALLATION a | 


1 Dress connector lead away from 


blower (5). | 
2 Install blower (5) in place. 


3 Fasten with eight washers (4) and 
screws (3). 


4 Install connector (2) in mating 
receptacle (6) on blower (5). 


5-11. REMOVAL AND INSTALLATION OF MAIN POWER CIRCUIT BREAKER 


NOTE 
Refer to table 5-10 for circuit breaker wiring. 


REMOVAL 


1 Remove covers on computer. 
2 Remove control panel assembly. 


3 Remove three screws (1) and bracket 
(2) from circuit breaker assembly. 


4 Remove three nuts (3) and circuit 
breaker (4). | 


5 Make note of wires attached to 
circuit breaker. | 


6 Dress wires away from chassis 
assembly (5), and remove wires from 
circuit breaker (4). 


5-14 
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5-11. REMOVAL AND INSTALLATION OF MAIN POWER CIRCUIT BREAKER--Continued 
INSTALLATION | 


1 Clean excess solder from removed 
: wires. 


2 Solder wires to circuit breaker (4). 


3 Install circuit breaker (4), using 
three nuts (3). | 


A 7 ek bracket (2) and three screws 
1). 


5 Perform physical inspection. Clean 
chaff from the area. Retouch paint 
on external surface of chassis 
assembly (5) if required. 


Table 5-10. Circuit Breaker Wiring 


Gage Color From To 
20 WHITE CB-1 J11-A | 
(600v) 7 | | 
22 WHITE — CB-2 K1-10 
(SHLD) 
20 WHITE | CB-2 C5-A 
(600v). — 
20 WHITE CB-3 J11-B 
(600v ) | 
22 WHITE CB-4 —K1-5 | 
( SHLD) | 
20 WHITE CB-4 C6-A 
(600v) | | | 
20 | WHITE CB-5 J1l1-C 
(SHLD) : 
22 | WHITE | CB-6 K1-3 
(SHLD) | 
20 WHITE | CB-6 _ CT-A Ltn 
(600v) | | 


5-15 (5-16 blank) 
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CHAPTER 6 
FINAL INSPECTION 


6-1. GENERAL 
Final inspection is performed after repair has been completed to ensure that 
materiel is serviceable according to established serviceability standards. 
Any item containing defects disclosed by the final inspection will be further 
repaired to place it in a serviceable condition. 
6-2. PHYSICAL INSPECTION 

a. Soldering. 


(1) Inspect for burned insulation around areas where removal and in- 
Stallation of a soldered item was accomplished. 


(2) Check for broken strands where wiring was removed. 


(3) Inspect for presence of sleeving on terminals where wiring has been 
removed. 


(4) Check for broken strands next to soldered joints. 


(5) Check for loose solder, hardware, or other chaff which may have 
resulted from the work accomplished. 


b. Screws and Washers. 
(1) Check for presence and tightness of all screws attaching connectors. 


(2) Check for proper dress of harness, proper support with clamps, and 
attaching screws on detail parts. 


(3) Check for presence of washers where required. 
6-3. INSPECTION CHECKOUT PROCEDURE 
Perform inspection checkout procedure as detailed in TM 9-1220-221-208P. 
6-4. LOGIC TEST 
Run all tapes in a complete logic test in accordance with TM 9-1220-221-208P, 
—— ™ + 9-1220-221-34/2, TM 9-1220-221-34/3, TM 9-1220-221-34/4, and TM 9-1220-221- 
— 34/5 with the MARGINAL TEST switch in each of its positions. 
6-5. DYNAMIC EVALUATION | 


Perform dynamic evaluation of the computer utilizing self-test and problem 
solution as detailed in TM 9-1220-221-208P. 


6-2 
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6-6. ASSOCIATED EQUIPMENT 


Perform physical inspection of associated equipment and computer table. 


Inspect condition of basic issue items for physical condition and completeness 
in accordance with IM 9-1220-221-10-1 or TM 9-1220-221-10-2. 
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APPENDIX 
REFERENCES 


A-1. Scope | | ¥ | | 
This appendix lists all forms, field manuals, and technical manuals referenced 
in this manual. 


A-2. Forms | | 
Accident Reporting and Records ..ccsccccccccccccccsccccccceccscccece AR 385-40 
Equipment Control Record - Transfer Report ....cecsccccecceseee DA Form 2408-9 


Equipment Daily Log @eoeoeseo ese eoeaoeevaeaeeneeaeoneneneneneneeeeee eee e888 Oe DA. Form 2408-10 , 


Equipment Improvement Recommendation ..ccccccccccccccccccccccssseeccsees OF 368 


Equipment Maintenance Log (Consolidated) .....ccccccccccs neiGaas . DA Form 2409 
Equipment Modification Record ...cccccccccccccccccccccccseccece DA Form 2408-5 | 


Recommended Changes to Publications ..... iaierars elt 6's,0.0s 56 S08 eeeeee DA Form 2028 
Uncorrected Fault Record = Aircraft c.ccccccccccccccccccccccee DA Form 2408-14 


A-3. Pamphlets 
Index of Blank Forms Vrrerrerererrrr rere rrr reer rere er ee ee DA PAM 310-2 
US Army Equipment Index of Modification Work Orders .....eeee00e- DA PAM 310-7 


A-4, Technical Manuals 
Direct Support and General Support Maintenance Manual: 
Computer Gun Direction M18 (1220-448-0131) (Logic 


Equations and Schematic Diagrams) ....ccecsecccceces IM 9-1220-221-34/1/1 


Direct Support and General Support Maintenance Manual: 
Computer, Gun Direction: M18 (Test tape B program printout) 


(Reprinted w/Basic Incl C1) Changes 1 ..cccccccsccccccelM 9- 1220-221- 34/2 | 


Direct Support and General Support Maintenance Manual: 
Computer, Gun Direction: M18 (Test Tape B Program 


Printout) (Reprinted w/Basic Incl Cl) Changes 1 ...... ™ 9-1220-221- si 


Direct Support and General Support Maintenance Manual: 
Computer, Gun Direction: M18 (Test Tape D Program 


Printout) (Reprinted w/Basic Incl Cl-2) Changes 1,2 .. T™ eae 


Direct Support and General Support Maintenance Manual: 

Computer, Gun Direction: M18 (FSN 1220-448- 0131) (Test 

Tape E Program Printout) (Reprinted w/Basic Incl C1-3) 

Changes: 1=3-...6secscslesewenewecse'seetenesseewsesssaeess. IM’ 9=1220=221=36/5 
Direct Support and General Support Maintenance Manual: 

Computer, Gun Direction, M18 (Wire List) (Reprinted w/ 

Basic Incl Cl) Changes Ty sascyeeruaieaeeeusived die saaie maces MO ee0e 221-34/6 
Direct Support and General Support Maintenance Manual: Computer 

Gun Direction: M18 W/E (FSN 1220-448-0131) (Component 

List) (Reprinted w/Basic Incl C1) Changes 1 .......... TM 9-1220-221-34/7 
Direct Support and General Support Maintenance Manual: 

Computer: Gun Direction M18 (1220-448-0131) .......6. TM 9-1220-221-34/8 
Direct Support and General Support Maintenance Repair 

Parts and Special Tools List for Computer, Gun 

Direction M18 W/E (1220-448-0131) ...cccccccceccccecces IM 9-1220- 221- 34P 
Direct Support and General Support Maintenance Repair 

Parts and Special Tools List for Reproducer, Signal 


Data AN/GSQ-64 W/E (1290-973-2180) .....csccsccceecoeee IM 9-1290-326-34P 
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Appendix A--Continued 


A-4. Technical manuals--continued 
— Direct Support and General Support Repair Parts and 
Special Tools List for Test Set, Computer Logic 
Unit AN/GSM-70 (4931-045-6540) .........0. ccccccccccccs IM 9-4931-204-34P 
Direct Support and General Support Maintenance Manual: 
Test Set, Computer Logic Unit AN/GSA-70; Control 
Box, Computer Logic Unit Test Set C-4020/GSM-70 
(4931204526540). s.cics05e-ce webu case wivauawseteeecee IM Oe 0-4931-204-34/1 
General Maintenance Procedures for Fire Control 
MACON], ecco da waisiwewerenw a Wiese ebb aaahe sae eee eee eeeneuweseese IM 9=c54 
Operation and Maintenance Manual for Computer, 
Gun Direction, M18 (FADAC) 1220-00-448-0131 .......2.0. TM 9=1220-221-10-1 
Operation and Maintenance Manual for Computer, 
Gun Direction, M18 (FADAC) 1220-00-448-0131 .......... ™ 9-1220-221-10-2 
Operator and Organizational Maintenance Manual 
- Including Repair Parts and Special Tools List for 
Reproducer, Signal Data, AN/GSQ-64 (SDR) 1290-00- 
973-2180 and Test Set, Computer Logic Unit, 
AN/GSM-70 (FALT) 4931-00-045-6540 ...... ese atsaues oe IM 9-4931-204-12&P 
Organizational Maintenance Repair Parts and Special 
Tools List for Computer, Gun Direction M18 W/E 


(1220-448-0131) Changes 1 eeceoeeveneeeee eeeeeeeeeeoeneeee ™ 9-1220-221-20&P 
The Army Maintenance Management System (TAMMS ) | 
(Reprinted w/Basic Incl C1) Changes 1 ....ccccccscccsecesececee IM 38-750 
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FO-1.. FADAC Power Control Circuitry. 


ALPHABETICAL 
_ INDEX 


Subject 


A board, network: 

Input drivers i 
Input/output ©2288 eeeeeeeeeeeeeeeeeseeeeeeeeeeeed 
Logic driver CROCCO EOC OOOOH EEOEOEE EEE HOE OOOO COLE ELO® 


Matrix decoder CROCCO HOOEEHOHSOEOHOHOOHOHOSOHCHEHHHSOH OOOO CEO EOE 


Neon driver Terre re eer ere eer er ere errr errr rr errr eer ere eee 


Output drivers SOSHSHHHSHSHSHHHHSHCHHHHSHHSHHHHTHHSHHHHHHHHHHHHHOS 


A board, power Santeor. @oe20#0@0202020800600008000008008080808000808808880880808 


Addressable l10gicC drivers .cccccccccccccccccccscccccccccece 
Addressable primary gates, logic drivers, switches ........ 


Address: 
DU/DL flip-flops @#e2e2e20200000000000800000000000000088080600806080208080 
Read flip-flops COCO COCO OCOD O OO EE OLE EEESEC LOSES EO ECO OES 


S flip-flop #ee2e0202000006080000000000000600000000000060000800008060 


Write eeeeeneneneveoeeneoeeoeeoeeeeeeeeeenueeeeeeeeee7eeeeoeeeeeeeeeeed - 


Addressing and. loop length: ; 
Addressable primary "and" gateS .cccccccccccccccccsccccce 
D loop CHOOT HHHEEEHHEEHESHHEHSHEHEEOOOCOEOHEHHH EOE EEE HEHE EOEOEE® 
if and X loops CROSS HSHOSHSHESSOHSHESHOHSHOSHSEOHSSOSOHCHOHEHEOHOSEHOES®S 


Rand Q 100ps COSHH HHEHHHEHSCHEHHOHEHHH HHH HHS HEHE OEOLESEOOS 


Address lines, flip-flop Fe Ee ee ee. Oe eee ee Tee ee ein Sere ee a ee 


Address, location, copying into Q 100P ....ccccccccccccccee 


Address tables, flip-flop CHESS HSHHHCEHHHEHHSHOHSHEHHEHECEHEHOOBEOCEE 
A loop, extension flip-flop AP COCCCEE OEE EC ELEC EEL LECOLECLEE® 


_ Amplifier board: 
Read 


Write eeeoanevenund0n0ea2e2e020e02020000000800000086000000800808020808088808088 868888888 


| Amplifier, memory read naw eaeGswusieWenecaeawevenenesesanes 


Amplifiers, memory write, troubleshooting ...cccccccccccces 


"And" gates: 

Driver circuit, mechanization @eeoaeeea@n@eo2eee0eeoeee0e0ee8e dee ee 06 @ 
Primary, addressable @e@eeeaeeg00202020060600000008000000000000000080808080 
Primary, troubleshooting eesee@eeoc eoeoeoea oe eoaoeoeaenoeceoeneoeaeeeoe eee 0 @ 
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Paragraph 


4-81 
4-81 
4-81 
4-81 
4-81 
4-81 


4-68 
445 
4-50 
4-45 
4.45 


4-32b(6) 
4-45 


4-32d 

a 
4-65b(4) 
4-65b(2) 


— 4373 
4-43 


4-54 
4-45 
4-65 
4-87 
4~85 
4-64 
4-66 
4-32c 


4-32d 
4-50 


Page 


4-205 
4-208 
4-207 
4-207 
4-207 
4-205 


4-200 
4-82 
4-104 
4-82 
4-82 


4-35 
4-82 


4-38 

4-185 
4-185 
4-185 


4-72 
4-78 


4-112 
482 

4-184 
4-213 
4-213 
4-179 
4-188 
4-36 


4-38 
4-104 
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“AM 9-1220-221-34/1 


ALPHABETICAL INDEX--Continued 


Subject Paragraph Page 
A : 
“and test failures ....csscsccecceccecceeceeces sohastheaaestien 4-51b 4-105 
AN/GSM-70 (FALT) computer logic unit test set .......s.e0... 22 2-1 
a signal data reproducer: | | 
R to M18 computer input cable ...... Gi weleverbates iMuCes 404% 4-54 4-114 
se. In memory 1OadINgG ...ccccccccccescccoes ene ae se ciea/eauws 4-61b 4-166 
| Use in troubleshooting read and write circuitry elrtatwares 4-66 4-188 
Anode driver, network B board .......ee0- errr rire re re er 4-58b; 4-152 
| 4-82 4-211 
ee Anode selection eoaeeeeveeneeen eeoeeee5n ecoeoeceeeeoseeeoeeeeeeeeeee eco 4.58 4.157 
Anode supply circuit, battery (BAD) ........cceee. Bake nestiek 4-83 4-212 
A register: | 
JET i pet 0p fMUNCt IONS ..c-2.605455eeesee ee seecwes scaverere qrsteaies ares 4-65 4-184 © 
_ Monitoring with oscilloscope .....cscccccccvecs er ee wae 4-57 4-145 
Reading and writing Coeeecececeeoeeeeeeeeeseeeee eoeecoeece eoeco5 4.65 4-185 
Recirculation I a a al ac a eeoeeeeene eee 4-65d(2) 4-187 
. Assemblies, receipt of defective .......seeeee gees eeeed wee 4a 4-1 
.: Assembly of chassis assemblies ......... errr cr opens 5-7 5-10 
B 
| Battery anode supply (BAD) circuit ......ceeceeees re bos 4-83g 4-212 
- Battery, nixie eecaoeoeoaeeoeaeee eecesvneseeeeeveoeneeeeeeoeoeeneeneseeveeo eee , 4-58b 4-152 
| Battery, selection terms eoeceeveeeeeceneeeeeeeeee a ee ee er eoeoeeee 4.58 4-152 
B board, network eeoenveveeee @eecaeaenvseeveeene ears eeeeeeveeoeen eee 4-82 4-211 
- B board, power control ses weet aid vasa Sassasnesa eed eviaeeiotsa celia sent 4-69 4-200 
BCD mode, sector track input .......... errr seslaeeeecesss 4054 4-122 
Binary coded decimal (BCD) code ........ssees- aereree cece 4458 4-153 
Binary conversion, sector track input .........e6. sesseeeeee 4054. 4-112 
Bistable mltivibrator circuits .....ccccccees rere ee pats 4-79 4-205 


‘Index 2 
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Subject | Paragraph Page 


Bit counter, sync: | 
In/out set up mode control .....ccccccccccee Ssossslaveresdiereseteveness 4-53 4-107 
SVNCNYONIZAUION 67s seahsc-o pews wee rs.o as oe esse ese ees oe 4-55b_ 4-131 


Bit SEQUENCING: 00:5: seas v.65 .575 eG 4 Soe ecarbnleasuste abe we Ses nese ars  4-55a 4-131 


Blower, removal and installation Of ...ccccccccccccccccccsece 5-10 5-13 


Board, computer: | | 
CIVCULLYY - 2544 640i5ecaseecbesaewesenceuweseusesewnesewsee? 4507 4-200 
Logic driver SCHOESHHHHSHSHSHEHHEEHHHEHEHSHOHESEHHOHHOSHESEOHEEOEHHOEEHOS 4-80 4-205 
OGG TIT D=T 10D: 6.c:5:5s-dciswinieseaeio-s owis.0is'die 6 os'e-op es o'euleeerne ers 4-79 4-205 
Network: 
A board eiaid Stale HOG SHR WESCS Gs Rae Seat eeee we eeente esses 4-81 4-205 
B board CHOSSHSHSSHSHSHSHSESHSHSESHOHSHSSHSSHEHSHOHSHEHSHEESHEHHOHESCECHESES EES 4-82 4-211 
C DOA ccvaccvccccccccccccccceseccccccceceeeeeceseceese 4-83 4-212 
Power control: | | | | | 
A board COSCO OSCE H STEELE SHOE OHHH EEE HEE ES OL ESESEE EOE OES 4-68 4~200 
B board CHOSSSHCSHOHSEHSHHHEHOHEHHEEHEHEHHHEHEHHSEHOHEEH OH EEC HHH OEE 4-69 4-200 
C board CHESKSHSSHSHSSHOSSHSHSSHHSHSHOHSSHHOHSESHHHOESHEHHSHEEHEEOH ESOS EO® 4-70 4-201 
Power supply SubaSSembly .cccccccccccccccccccccsescccsccecs 4-71 4-201 
Read amplifier CHESSSSHOHSSHSHSHSHSHSHEHSHOHHSSHESEHSHSEHOHEHSHEHEHEOH EOE 4-87 4-213 
Read switch CHESS HSHHEHESHCEHHOHSHSHHOSHEHSHHSHSHEHOHHOHOHSHOHHSHHEHES EH EHOE 4-86 4-213 
Rectifier transistor assembly board ....cccccccccseccccecs 4-73 4-202 
Transistor aSSemDly DOarG. 66-0\606-4:6:66460s0 dene odes swscewes 4-72 4-202 
Voltage regulator subassembly board: 
Regulator no. l CROCCO EEO OEE OSTEO HCE COLO EEO LECCE EEO é 4~/74 4-202 
Regulator no. Q CHESSSHEHEHSHOHSHOHHEHESEHHHOHHHOHHHOEEHE EOE OEE 4-75 4~202 
Regulator no. 3 COHCHCHCHEHOSHSSHHOOSCEHECHEOSHHOSOEOSEOSBEOSEHEOSEHBHO OLE 4-76 | 4-202 
Regulator no. 4 CHSC CECH EHEC O HEHE HOO SEES ELE SEO EOECS 4-77 4-202 
Write amplifier CHOCO HSHSHESESOHSESCEEHHOHOHHHSCHHOHSHEHOHEHHEEEHHEEOE Ge 85 4-213 
Write switch CHEOHSHEHCEHHEHHSEHOHHOSCHEHSHEHHOHHEHOCOHSHOHLESHOHBOT EO EE EOE 4-84 4-213 


Box, control, C-4020 (See also Control box.) eooeeccesorcorcs 4-43¢ 4-79 


Bracket, removal and installation Of ...ccccccccccccccccccce 5-5 5=9 


B test tape program bieiniovarautisic lua Wnts OO Ses we ee Raa eee sk l-1b; l-l 
4-32 4-33 


Capacitor assembly: 
Power supply subassembly COCHCHCHCCCHCHCHOHOHSE SCL OHHOHECHSEHSEHOHESEO LES 4-71 4-201 
POWEr SUPDIY WIPING ccccccceccccccccccccccccccccccceeccces 5-5 5-9 
Removal and installation CHOGCHSHSOCHGCHCHCHBESCHOCCEHOHEOEECE EES EOE® 5=5 5-9 
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ALPHABETICAL INDEX--Continued 


Subject 
‘ 


Cathode driver (network B board) ..ccccccccccccccccccccccess 


Cathode selection @eee7020202086208600808806C88C8C0888888CH8O8C88ESC8EHHHEHHEH OSS 


C board: 
Network @ee2e@202000000000000860000000000000060000000000008080808800800 8 


Power contro! @ee200000000000000000000080000800000000000006000 


Channel, main memory, registers: 
Reading process eeeeeeaenvoenenoeeneeoenonoeanoeoeoeaneoeneoeee0e02e2 0000080008 ee eee @ 


Writing process © 0:0 8'C'0 6.66 0/40 0°06 60:40, 9:6'0'6: 4:90) 6 0 08.0 0.048 9:00 010 '4:8 


Characters: 
, Input/output PTOREEEEREPELELELELELELEEEPETEEreerrerrrrrer ss 
- Sector track input, COMPATISON ...cccccccccccccccccccccecs 


Chassis: 


Assemblies POereeee eee eee er ere rere ere rere errr errr er reese 


Wiring @2eeoeoeeooeoeoeeeoneoeeeneneneeneeeeneneneeen7eeneeeeeaeevneeeee7eeeee eee 8 © 


Chokes: 
Power supply wiring Wh 0S 06 6S R066 WR SO18 Kk OO WE O06 4 ORS 
Removal and installation ...ccccccccccccccccccccccccccccees 


Circuit breaker, main power: : 
Removal and installation ...cccccccscccccccccccsccsccccecs 


Wiring at ie dd ed te i id 


Circuitry, operation of power CONTTO] ...ccccccccccccccccces 


Circuits: 
Driver, "and" gate PF eG ae Se Ee SO LL SE Se Se aS eee 
Keyboard lamp COOH SCH ES HEE OEE CeLE SES ES EEE EES ES EEE OE EEOE8 


| | Master kickout i a Ba i le ee 


PhiySical. 1OCaCION: Of ssesewe secacuuoewwasesceececGeaen sens 
Power SUPPLY PrOtECTION ..ccccccccccccccccccccccccccccccce 


Clamping circuits (network B board) ...ccccccccccccccccceces 
Clock channel: 
Driver @e@eaeeoeooeoeneanonoeaoeaeeaeaeeaeaneaeaeooeaneaeoeeoeaeaeaeaeesdeeeneeeaeeaeeeeeee eee ee 8 


Reading data from memory @e2e2e0802e0ee020200280806800880060880808280808C8 08888 6 8 


Strobe CHES KSHSHHSSHSHHSHSHSHSHOHESHSHSHSHSHOHSSHHOHSSKSHSHHSSESHHSECEOSESHEHEEE 
Clock pulse circuits @eeeeeeaseoedeeoeaeoedeneoeeoeeee7e7eeeeeeeeeeeeee8ee 8 


Clock pulse generator @eeeeeveseedeeaeeeeo0e2e0e2ee 00701 ee eee eeeeee ee 8 8 8 
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4-58; 
4-82 


4-58 


4-83 
4-70 


4-61 


4-61 


4-54¢ 
4-54h 


Page 


4-151 
4-211 


4-151 


4-212 
4-201 


4-165 


4-165 


4-114 


4-119 


9-11 
5-10 


Subject | 


Code, input/output count ee re en een aes ee 


Code, operation:. : 
Binary coded decimal (BCD) aera eae ie oie er esa eae arb area wees Gees 
COMPUTE INSEVUCTION 24.0di sss sieideise oe sieseens ee seu eeeeeees 


F ag 28S. SRO Oe Se SRO e SS OS Se OS RL SS OOS SS SS SO OO 8:8 88 2 9 eo 8 O98 


Mnemonic COC COOOL EEE r Ere eee LES EL ELELE LEE ELE CEL ELEEEOOEEE 
Code, tape, sector track input @#e20e2e202000008000008000000060060000006080800 
‘Coding, keyboard sis8 ded vgsste cies ts aad esa: nies@e Ne aa eer oeeraiaere saat 


Color codes, wiring CHOHOCHCHHOHOHCHOHOHOHOOSEOOHEOCOHHOHEHHEOEECOE8OEHE Ee 


Command, input/output: 
R 


BAG greacaseretevere arouses aaa eae as eee eee S Siareceve aware Saeets 
Write @#eoe2e3e8 @ Ce oe ee ee oe ee oe ) @#eeo1eoee@eg eee @ eeeoeo eoeeoeo3@e@e2oexeeee7estkeee @ @#e@@e@8e80668 l6@ 


COMPUTE indicator, test .....cccccccccccccccces Giawelawies tees 


Computer board circuitry (See Board, computer.) 


Computer instruction: 


Code @eeoeeee@ee0ee@e#@eeeeeeese? @e is So aS. Sea wae 8 eee @#e0oeo@eeeee2es e@ 
Word formation .....ceoee eee cece ccc cccccccccccccsens ‘% 
Computer shorting cable term and-pin listing: 
Connector J010 @#ee2@e2e282e0e880e8 @ @#eeeoetg @ ee @ @ee@eeonoe0d20280802@¢@ee8e@e0eee8eeeeee @ 
Connector J016. 24. céc..0.4ssiunwedeeeewesens ee ateheee ba vceararecs 
Connector J0O17 @eeeeeo1 @€@@02088688088868208 8 © e@ @#eeceeoansnee7ee?eeee @ @ee@e@eeee@eeeet 0 @ 
Connector: | _ 
JOT0:;.; OUCDUU: S6.cisiggab5-eohG ash e5w 666 O6S wees eawewieeer ; 
J016 @eeoe2eee?e#e @ e @#e@#@eo3oeeeee?e *@ @eeeaeeoeesee@e2see ees @ e@ e ecovce5e ee @°@ 
JO17 _ @eeoeooensve0a002eeoeeneoeee1?e@e80e@80@6hmUmlUcCOOlUcOOlUOWlUFllhlUO8CUO @e@e#ee@ee# es @ee@eeee0e8@e8e@ees8 8 @eeeoee8 86 @ 
Printed CiVreult: DOANS. <..46 06-45 6456 SGesaweweek< eee eee 


Connector pin tems, INDUT. cdiiesdcueweree se kw s ee ew es ewes 


Control box: 
Computer logic unit, test set C-4020/GSM-70 .......ccceees 
Use in location of logic malfUNCTION ......ceeecccceeccces 


Control, input eovoeeeececcececseereeee eeecccece 


Control, mode: 
= D flip-flop test eoeceoeceeeeeeeeeeee eeoec0ee5e eoeeeveee eoeeceececeene 
INJOUT: SOE UD 6 6oni6e.8e be wie owas Gee wens e sow we wee eis eee 
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4-57 


4-58 


—— 4n62 


4-62 
4-62 


4-54 


4-56 


4-46a; 


4-46b 


4-62 
4-62 


4-35 


 4n62 


4-62 


4-34 
4-34 
4-34 


4-59 


4-34; 
G59 
— 4-34 


4-46a 


4-56 


(2-2 


4-43¢ 


4-56 


4-35 
4-53 
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4-145 


4-152 
4-169 


4-169 


4-169 
4-112 
4-138 
4-97 


4-98 


4-168 
4-168 


4-53 
4-169 
4-169 


4-49 
4-46 


4-47 


4-160 


4-46 | 


4-163 
4-47 
4-97 
4-134 
2-1 
4-79 


4-134 


4-53 


4-107 


Tndex' 5 


™ 9-1220-221-34/1 


ALPHABETICAL INDEX--Continued 


Subject 


Index 6 


— 1-5 


Paragraph Page 
C 
Control panel assembly, main, removal and installation...... 5-9 5-13 
Control panel neon lamps: 
Indicator test: 
COMPUTE CHCCHC CHEECH H ECHO H HOHE HO EHH HOHE SEO HOO O HHO CEO H ESOC OES 4-35f(2) 4-65 
ERROR eeoeveeen eocceecce eoeveeececececeeoeeeeeoeoeneeeoeeeeereeeeeneee 4.35f 4-64 
IN-OUT CeoeeoeeeeeeeeoeeeSeeeHeeeeeeeeeeseeneeeeeeeeeeeeeecs 4-35f 4.64 
NO SOLUTION eoeoeeoeeeoeeoeeeeeee eoeeeeeeoeoeeoneeeeneeeeeeeeees 4-35f 4-64 
Power ready eeoeeeeeeceecececeeneeeeeeoseeeeeeeeenece eeecene 4-35f(1) 4-64 
Pari ty Indicator susascwdewsaeuiedcenawss stecevoraenevanieseas er 4-35f(2) 4-65 
Power ready lamp and parity TAM: GUVCUTULY wscticescowseoes 4-35f 4-64 
Test e@oeece Coen eseseeeeeeeeoeeeeeeeeeeeeoHeeeeeeeeeseeseneseeeee 4.35f 4-64 
Control panel set up buttons, test: 7 
PROG TEST button eeeeeeeceoceeoecoeeoeeeeeeeeeneeeereeeeoeeseees 4-35e(3) . 4-63 
SET UP buttons and associated ]imeS ......cccccccccccces 4-35 4-60 
SM key (sample matrix) eeeeeee5n eeoeveeeneeeeseeeeneeeeeeeeeee 4~35e 4-60 
SU-1 ines CHHCCCHCECHOOC SCHOO OHSEOHSEOOHEREC SOE HEOHHOOCHSO ECOSOC OSE ECEO®S 4-35 4-60 
RECALL key CHOCCHCHCHCHOCHSH HOSE HOCHOHOHE OE HOHOHOHOHCE HS HOHOHOHOOSOHDEO EOS OCEEEE 4-35g 4-65 
Control power (See Power control.) 
Conversion, binary, sector track input ..... aeeewesweees. 4054 4-112 
Count code, TMPUT/OUTPUT ..ccrreecccccsevcccccccccsscseevces 4.57 4-145 
Counter, quadrant COCCHC CHOC OOOOH HOCOCHOEHO SOLO OHHH OHEHO ESOS EO LELE 4-58 4-151 
Counter, L register ...... paia“G-g Wie Gwe a dialuiw ea areas eee oeres eee 4-53¢ 4-110 
Counter, sync bit: | 
IN/OUT. SEC UD MOdE CONEY OL: :6:55:604:0.45:6.55siwoeassinws sew ees 4-53 4-107 
Synchronization eeoeeeeeeseeeeeeeeeeeeneeeeeeeeeeene eeece5ne 4-55b 4-131 
G test tape, program ee ee ee OY eoeceveee eoeeeeceesneeeeeoeee 1l-1b; 1-1 
4-33 4-43 
C3 logic tests, test tape E eeoeove5e eeceeeecevneeeecee eeoeeoveeceos 4~35b 4.53 
C7 logic input utilizing Fl4:..scccccccceeeee cicececcsccceee 435b00 4453 
C7 logic tests eeoeoeeevneeecececn eeceoeeeeenececeoeceneseeeeeeeeeee eee 4.35c 4-56 
Input circuit for F14 testing ....cccccccccccccccces eweees —4-35c 4-57 
C-4020 control box sau teas ieee eoee0e eeeoeene ecceooce eooveeece e 4-43¢ 4.79 
D 
Data, computer logic eeeeeeeeene eoeeeeeoeeeeoeceooee eee eeeeeeeee l-2 


Subject 


Decimal, binary coded (BCD) . 


Decimal point NVC Oca ces eaedo resoutawenasawnses 


Decoder, matrix (network A board) ...cccccccccccece 


| Detector: 
High voltage kickout fog control B aateds avoneceuteitreared ; 
High voltage warning (power control B board) ......... ee 
Low voltage kickout (power control B board) . | 
Low voltage warning (power control B board) .......... ieece 
Phase detector rectifiers (power control C board) saieevoeiee 
Phase (1 and 2) ...ccccccccee 


D flip-flop: 
Mode control, 


test @eeeseeeeeeeeeeeeeeseeeseeeseeeeeeeeeeeeoee 


Diode gates: 

— -Flip-flop logic pin to gate chart ...ccccccccccccccssccece 
Input gate test for logic driver troubleshooting ......... 
Primary CO cere cere cere reresereseeereseesseseesseereseseoes 

Secondary Bee eee ee ee ee eee ee ee ee ee Pee Re eee Re ae ee ae eee 


Tertiary eoe020020000080000080800808008080080880888888C8808880888C8 82848886 O 


Three types of diode gates Co ceseccccccsccscccsccosccsoses 
Disk, memory eseeeaoa0en@e7enen0eeee00e20e02000808008000080808808008880888888888 0888 0 


Display, nixie ere 


Display register: 
D loop to COW 6.6 W606 S 6H Ob ~.O6 0.40 6.66.0 60-60 6:0.0: 650 64.6 6 464.60 600 00% 


Loading operation, D loop @eeeneoe0e7dseoeoeeee0neeeeeeeeeeee 880086 @ 


D loop: | 
Addressing and loop length CHOOCHOHCHOSHOSOSCHOSHOOHHES OCHO C EEE EE 
Copying the R loop COOH HOHSOOSCEEOHOHOOEOEOHSOE OOOOH OCC OL OEELE 
D loop to display register configuration ...cccccccceccecs 
Loading into memory eeoaeaoenaeaeoenoedeavoeace0oee2egeneeeeg eee eoeee eee eeee ee 8 
Loading operation @eeeeeceveoeaeaeeeseeoeeaeaeaegoenonoenuegeeneeeoeoeeoneeneoeeeeeeee ee @ 
Relationship to nixie display w.ccccvcccccccccccscccccccecs 


D register, main memory channel @2e@2e0200000000000080800808000008008000680 


Driver: | 
“And" ate /KD1/ @e2e@2000000000060006000000000000000060800800808868080886 86 8 
Anode Taetucrk B board) 


Cathode (network B board) Riese toad ain aencee vs ceunieseus 


Paragraph 


458 - 


4-58 


4-81le 


4.69 a 
4.69 d 
4-69 b 
4~69¢ 
4.70f 
4-21 


4-35 


4-47 
4-49b 
4-47 
4-47 
4-47 
4-47 


4-58b 


4-57 


4-58 
4-58 


4-65b 
4-54 
4-58 


4-54 


4-58 
4-57 


4-61 


— 4-32 


4.58; 
4-83 
4.58; 
4-82 
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4.153 
4-152 
4-207 


4-200 
4-200 
4-200 
4-200 
4-201 
4-13 


" 4-53 


4-98 
4-102 
4-98 
4-98 © 
4-98 
4-98 


4-152 


4-145 


4-151 
4-155 


4-185 
4-128 
4-154 
4-128 
4-155 
4-145 


4-168 


4-36 

4-152 
4-212 
4-151 
4-211 
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ALPHABFTICAL INDEX--Continued 


Subject 


D 


Clock (network B board) sé.c650<0sitsnwasiweecaswseadeceaees 
Input."(network A board) issscccaxsesudecueewwseeeecswoescs 
Keyboard and mechanical reader solenoid switch driver 
(power control C board) .cccccccccccccccceccecccccccsece 
Logic driver board: PO tn ee ee OO AAO BSS GSES S SSS 8 S:0'O' 00:8 Oe S 
Logic (network A board) @#e2eeoe00e028000000000080000800000000000808080 
Main power relay (power control B board) ....sceccsscesees 
Memory motor relay (power control B board) ..ccccccesccecs 


Neon Tee R URC ER RECEP ELEC SEES ESCO Ler ererere rr rere rere ree 


Nixie interconnection sepatoriataeis adie tise gate sista Ga ae ods wees 
Output (network A board) @eeeeoeoee7e70e00809008002808008800 008808 6 @ 


Driver, logic, input gate test, troubleshooting ....cccccces 


¢ 


Driver, logic tests ..scscsescceccccccccccccccccccecceceecs p 
Drivers, addressable logic ...scsesccccscccccceccccees Lesaees : 
Drivers, DU/DL (See also DU/DL drivers.) .cccccccccccceceecs 
Drivers, logic (See also Logic drivers.) ee 


eeeoesneoene7enee e088 800828 8 @ @ 


D test tape, program ....sssssececees 


DU/DL drivers: 


Address of S flip-flop .....sseeeeee ee ee 
Address: CaD les sst0 cies sce saw ean new eww es cai ava sereiceiearSugiel ier iaeers 
AS: INDUC <érsen cae eesweeae wees errr ee eer eee errr ee ey 

- During set all command ere sueiieierele eve oils Meee oureews iauateee 
Flip-flop address and response lines ..... Batitwe ws ‘eaves 
Test error, FALT front panel indication ........... seeeees 
DU/DL flip-flop, address and location ...... peaceueet suena 
Dynamic evaluation ...ceceeeees Serre re ECRECR eee eON 

: 
Electrical assemblies and parts, inspection saunas os eeees 
Energizing input unit: 

—— Mechanical reader ...cccccccccccccccccccccccccccces rere 
SDR @ee@@ee2e08 @ @eeee#e 00288 @ee@ene02008088080888 88886 @ ee @e@eoeeae0de@ededeoeee7eeo1eeeees 8 
Environmental condition versus computer reaction .....cceeeee 


Index 8 


Paragraph 


4-82 
4-81b 


4-70 
4-80 
4=81¢c 
4.69 
4-69 
4-81; 
4-83 
4-58 
4-81a 


4-49b 


4-49¢ 


4-50 
4-32b 


4-32c 


1l-1b; 
4-34 


4-32b(6) 


4-45 
4.33 
4-33 
4-37 
4-39 


4-45 
6-5 


Page 


4-211 
4-205 


4-201 
4-205 


4-206 


4-201 
4-201 
4-205 
4-212 
4-156 
4-205 


| 4-102 
4-104 


Subject 


Equipment, maintenance: 


Common eoeoveveevoeoeoeeoeoeeereeoeoe ene eee eee eeee ee eee eee eee ene ee ee 


Special @eoeaoevoeveoseseeeoevoeeeaeeoeeoevnoeeeeaeoeaeeaeeaoeeeWuaeeeeeoeneeeeoee eee ee 


Error, from FALT front panel indication ...cccccccccccvccves 


ERROR indicator test sg iasavOcatiaite Grete nacre este 4 ark aren ee-raeto eee 


Error, test, from FALT front panel indication reer re ere er 


Exciter, FALT, flip-flops (See also FALT exciter 
TFIIDHF ODS x): Avieaelerceuas eeaeeee (ewes ; 


Fo and F TAG 1 CO LOVS: ..h oer eine eed 6s06 Ww Se Ow Ree See ewe 


F1T and FOT lines: 
Address and response l1in@S wicccccccccccccccccsccccccccces 
Computer F1T and FOT response 1ineS ....cccccccccccccececs 
DAG Y aM: ack. bare 25:Ss sere aan ta Wow ohne ath we Wiese elas Ow eiaeearees 
F1T and FOT line troubleshooting ...ccccccccccccevecsccces 
Test error, FALT front panel indication .....ccceccccccees 
Troubleshooting when FQ and Fl indicators are not lit .... 


F14 testing, input circuit in C7 logic ...csseeee, shainiarea eae 


FADAC: : 
DESCHID CIO: a:cie-aare6.6::8 ole 660-00 0-6 bee 000s ede w ee Cees eieeees 
LAS OCCU ION: cbn4sndccewa tonskuweswiee sal neese6e seuss eer eeas 
REDAIY Ol <scewuaweeecawesee ree aweswie se eu ebeae setae ecmus 
Teletype connection ....... ere eT Te re eT eT ee eT ee 


FALT, AN/GSM-70 rer rrr ere eee eee Pe ae ee ee ee ee ee ee ee eee 


FALT exciter flip-flops: 
Exciter terms used in read S@lECTION ..cccccccccvccccvcccs 


General eeeoeaeeveevoeevveeaeeoeveeeneve@e7~sneeaeeaeoeeaeoeoeaeeoeweweawneawseweeeececlcectlUCctrlClceCUlceOcUlctlcelcelele8 8 le 


Specific use of eeaesveeveeoeaeeveeoeoenaeaoedge~eno@ea~ese~e7oeecelcecmlUlcetcmlCcOcCcecmUlUcCClcrOrCcrcchCClcOCcrecCClcowUcrcCUcOCmUchOmUcOULh}OhUc8lUe 


FALT, front panel indication of test error ..... Sie! erhiendiea Steals 


FALT: 
Front panel indication eee@sovoea oeeoeonsn@1eneng00e2e20008080 08 e eee eee 8 ee 8 e°@ 
Function @eeeene 000808 eee @ @eeeee?ee @ee#e@eeee0e2e20e2060e020808@ee0e08 e686 @@ 008 8 6 @ 


Use in malfunction isolation Ee ee et Me ee RY ee nT Me ae ee ee ee 
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2-1 
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439 


4-35F(2); 
4-39 


4-39 


4-38 


4.39 
thru 
4-42 


4-45 
4-36 
4-40c 
4-48 
4.39 
4-40 


4-35¢ 


1-4 
3-10 
5-1 

4.35 


2-2 


4-38b 
4.38a 
4.38 


4-39 


4.39 
4-36 
thru 
4-39 
4-36 
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Subject 
F 

Field data meaning, sector track input ........ sme se erectiaseceteve 
Fill and verify procedure (read and write troubleshooting)... 
Flag code and word format @#e@e0ee2ee9?9@ @#eeeoeeoe0ae40e4eaeon@etdgeveeaeaeoe2enee @2e eee @ @ 
F-line: | 

In C3 logic test CORSE EEO H HORE H OLS OEEEH OEE OELE 

Versus switch selector eeeseeaoedveeoevu0e20e00200@000200000060000088 0888606 @ 
Flip-flop functions: 

Address and location: 


DU/DL @eeeeeceeveevoeeoevneeevneaeseoeaeneeoenee2ee0@ea2en0ee0eeeeeeececmlceclceclUCcCrerewecewUlcecUlceOUcetelcelcel 8 8 


Lines @©e@2@@@8 @ ay RE a Te FE OTE Pe fee Me @eeeoe7ee 

Read flip-flops @#@eeoe37e8s8 @ @eeeeoeoeaeevoenveeeee008000088080888 8886 0 

Write flip-flops Be ereieca te ana aed tae yelecave ore ares Bene be wee @eeee 
CP3 logic mechanization ....cccccees Ue WileG oie awe eiareiase 6 4c0 
Logic: 


Board @#eoe2e@e?eeee#ete@ @ 
TeStS coccccees 


@eeoaoeeoeseeoeeoeosoveaoeensveoeeoeaseeene ee eee eee eee 6 @ 


eeoenoeeaoesoeoevooaoenoeeoseoeoe2eeeeoe07e2e00eeeoeee eee ee ee eee 8 @ 


: Troubleshooting TCC PELE CECE CEU UCC ECU E Cee Te 
Primary function @eee@eeeeaeeoeveea@a@aes@~odne0eee20e20080008eeV0e2enengeeeeedegeoee ee @ 
Register ....sseceeee eT Te Cree Ce eee Pere ee ee 
TD /WI circuitry @#ee2e0e0808 @ Cee eS SS StS OSS Oe SS: OOS. 9 O82 SS SO 8 8 OS® 
1CL3 mechanization ........ ieee O64 wa eles eGiereSiWSiels en's eee 
Flip-flop, S, address of ....... jc Wawa eeieewewwsieee sw eess - 
Flip-flops, FALT exciter eeoeoeeeneeee eeoeoeveseeeoeseeveeeeeoee enone 
Flip-flop tests, main memory Write ...ceccececcecccccscceees 
Flow, input character .....ccccccceee errr Tere Ee ee eee 
Format, word: | 
' Flag . @eeeoeoeo0020202000808080808080806 6 @eeeod0oe200202000090080808808088808686O0 08202880080 8 @ 
Instruction e@©@e308 8 @eeeeoe ee 00808 080 @eeoaoesee2e0e0e0080800888 8 @ @#e#eeo €eeeeee8e 08 @ @ 
Next instruction address ...ccccccccccccvccccccnccscsccece 
Octal eeoevenvneen00ese 8 eoeeneeneed eeeoeee eeoeceoevceanoeveoeenenoeenenenen ee 02 eee @ 
Operand address ...sccccees ore ree sa Giewibe os ee rr 
Special code @eeeeoe@a@eaeeseaes@e1~eneeeee ee 0 @eeeae000@200808088008080 © @#e~e0eeeee?@ 


Forms, records and reports: 
General .... 
Inspection @ee@e@@eee@ @ @ eeoveeeeoeevneneeeeeneeeeeeeeeeeees @eee@eee08 


@eeeeaoecoevevoan eeaoeaeonea0enn0e000202000080008080806008088688 888888 8 t 6 
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4-54 
4-66 
4-62 


4-35 
4-56 


4-45 
4-37; 
4-45 
4-45 
4-45 
4-33 


4.79 
4..32e 


4-32b(6) 


4-45 
4-65 
4-17; 
4-70 
4-32 


4~32b(6) 


4.38 
4-357 
4-54 
4-62Cc 
4-62c 


4-62C 
4-62b 


4-62C 3 


4-62d 
4-62e 


1-3 
3-4 


Page 


4-119 
4-188 
4-168 


4-53 
4-145 


4-91 
4-72 
4-85 
4-94 
4.94 
4-44 


4-205 
4-40 
4-35 
4-82 
4-185 
4-8 
4-201 
4-33 


4-35 
4-73 

4-68 

4.124 
4-169 
4-169 
4-169 


4-168 
4-169 


— 4-176 


4-176 


QW re 
@ 64 
— PO 


Subject 


Front panel indication, FALT .....cceees 


Front panel input terms (F-limes) ....cccccccccccccccccccs 
Front panel to main frame wiring ..... 


G ; 


Gate, diode (See also Diode gates.) ........... oe sede 


Gate, primary "and": 7 7 | 
Addressable primary i rte ie ces anerar aan ger edo -etig ceria) aie lanacale Suenaceaiele wie eeu 


Primary (BDX), mechanization .......esees 


Gate to flip-flop logic pin chart ......... 


Generator, clock pulse 


@eeoeeeee @eeeeeeoeaeoeoeoeoee eee eeoeeoee ee eee 6 @ 


Ground loop, shield (read head ) @eeeeeeoeneoeoeneoeeoeneeeoeenedeoeeee @ @ 


H 


High voltage kickout detector (power control B board) ....... 


High voltage warning detector (power control B board) ...... 


I 
I loop addressing and loop length ....... ps bss ls widia -oeravaw a erates 
Indicator: 
Circuitry mechanization .....eeec. G.viseedinwe sie co cecvcecens 
COMPUTE @ee2@e@eee7ee 8 @ @ @eeeeoe@0e00828080008080 080 @#e@e@eee# @ @ e eee eoe8 ee 
Fl and FO @#eeeee# e@ @#eeeoeeee @eeeoee9es @#e@eoeooeoeon 0200208088808 80 80 @#eeoee0e@ eeo50 e 
IN-QUT eevee eeeoeee eee eeeeeeeeeee eeoeeneveeeee eecoeeeneneeee eoee50e 
Lamp identification ....cssecees Suesewereewe ees eee sacs 
Nixie logic @e2e 68 @ @ @ 0@@e86 6 @#eee0oeeees COCCC CHSC O OCC COCO OOOO HOO EEO SO®S 
NO SOLUTION ......... ig Seirevalavers reer eee Sc civieeeuseeeeeeuws 
Parity @eesns@? 0028080288866 8 8 ere re eT ee ee ee @eeeoeeosoee0e08080e0 @@ eee 
POWER READY eeeaeoeeeese?e2 80 EO Se SNS Re Oe Sk eee eee @eeeeo7 0208008082800 890 80 @o@e088e 
TEST ERROR ee ere enn neo rn ene ee ee ere e sausre atte let 
TRANSIENT @eee@ @eeoeeeeeeeoese1eeeoneeee @ e@eeeoenenee @oeeeee @ @ee0e@ e808 @@ @ eee 
IN-OUT indicator, test eoeeoevevvnVanveaen ee eee ees 0 coerce ccccoces 


Cr er ee er ee ee rr er a i ir er re 


™ 9-1220-2 


Paragraph 
4-39 
4-36 
4-57 


4-47 


4-32d; 
4-50 
4-32 


— 4-47 
4-78 
4-66 


4-69 
4.69 


4-65b- 


4-22 
4-35 (2) 
4-40 

4-3 5f 
4-25 
4-35d 
4-35Ff 
4-35f(2); 
4-64d 
4-22c; 
4-35F(1) 
4~-35f; ° 
4-39 
4-22b 


4-35f(2) 
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Page | 
4-75 

ey 
4-149 


4-98 


4-38 
4-104 
4-39 


4-98 


4-203 
4-188 


4-200 


4-200 


4-185 


4-14 
4-65 
4-77 
4-64 
4-15 
4-59 
4-64 


4-65 


4-183 
4-14 
4-64 
4-64 
4-75 
4-14 


4-65 
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ALPHABETICAL INDEX--Continued 


Subject | Paragraph Page 


IN/OUT set up, mode control: 
Main operation no. 1 @®eeeeeov oe egevneeaeeeseeneeeneoneaoeeneonee eee eee eee 8 @ 4.53; 4.107 


Main operation no. 2 @eeaeeee@oonoeoaseeoeoeenoeveoeeesesveeee Cee eee e eee @ 4-53; 4-109 


Main operation no. 3 eoeeeeoeeeeeeseeeeeeoeeeeeeeserneeeeeeeesr 4-53; 4~110 | 


Input: : 3 
JCTOVOCTENS: cisiw dina s awd ab. waSe wie Ori go See nes wale eeemwieie’ 4-54 4-119 
CAUPGult: TOP F149: COS CING. s6-4-6is:00:. st es ec6:cleaae wees web areca 4-35¢ 4-56 
Command SUMMALY ceccccccvcccscccevecsscseccsceseesvcesoses 4-62 4-168 
GONEPOI OT clic siacavevciere6-c4.6-466 oe wi Weis eae wie we 04h eine oaeens 4-56 4-134 
COUN -COGCS > sire d:a-5-sis 4010s or 06:40 6S esie o Sew ea We ee eeee seen 4-57 4-145 
C7 logic «-+eee- naediaiod eee eT eee ee eer eee | 4-35¢ 4.56 
DEVICE SE IECE TON sieeve sacs esduwseieetieew sheen ees seows 4-56 4-134 
Drivers (network A board) ........00. eT ere er sitet 4-81b 4-205 
DUSOL GP IVGNS: 56 /5.6:61:0:0:5:6 65660 640.5066 5 680 0:00 44066 6CE. 64 SSS 4-33 4-43 
ENCYOIZ ING: si5:d 64-sa haa cw ocew sass dee ew WeNaee betes esas ‘ 4-56 4-135 
Gate test for logic driver troubleshooting eget leanea ateueas 4-49b 4-102 
In/out set up mode Control ......ceccccccccccccccrccccceses 4453 4-107 
KEY OOATO AS: -1ADUG: <.g:c.nieic ws eeee:e wale tie:o. 6: 0:0-e1010 sles aisle eres ea sles 4-56d 4-138 
LUNGS: 6 cerscuise wel sieces eee wearers waaaeew Oe teed eeweedeees 4-54 4-114 
IMAEP TUNE AS. INDUC. <c.5 sie Sis cide abo b5.0wkie se 4ehe see 6 e440 es 4-56 4-143 
Mechanical reader ......ccceee sae. caiaiiarie lavie iafie loaves gcse eva weocereo W656" 4-56c 4-135 
SOR: -CO- COMPUTE? CAD NC 6-64.60 ot vis bd Btiewenneee abs aeweee sas 4-54 4-116 
Sector track input character COMPATISON ...cccccccccsccecs 4-54 4-120 
Terms, *I8 simulation, test tape D ..ccccccccccccssccccecs 4-34 4-46 
TESTING CHAE so:c-0-60.0:6565 see's O60 esueeree-< (CGanews @aewecees - 4-57 4-146 
To computer (troubleshooting) ee ee st rere re 4-52 4-106 


Input/output lamp circuit .......ccceeee tigusnieesesesweses. 4250b 42107 


Inspection: 


Checkout procedure ....... pieetetseeeuweresaunwes és 6-3 6-1 
Electrical assemblies and parts . Pe ee er rr er ee 3-7 3-2 
EQUIOMONE: sinc d0660e00e ees Kaos wiee ees eeteseeseseetoetaies 6-6 6-2 
Final .ccccccccccccccccseccces TOVECETETETTTrerererr rrr ees 6-1 — 6-1 
GONCV a: i6cccesucscsis-nceia oe 01d 4.S 4 Wawa We Sins Sie Se tees sacees 3-1 3-1 
PAYS 1G4il -<cc60 4 wwierernesow saree Peer errr rrr re ee ee 6-2 6-1 
Upon receipt of materiel ere ree eee eT eee er ee 3-9 3-3 
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Subject _ . 7 : Paragraph Page 
Installation: | 
Blower CHESS SHSHEHE SEH SHS EE HOOT EOE HHSECESC OOS HSE EEE O HERES HSEEOE | 5-10 5-13 
| Capacitor and bracket CHHCCH ECC HOOC SCHOO COSC SC EEO O HOO HOO HO EHO OOOO ES 5-5 5-9 
Main control panel assembly ....cccccceees csieeeesteneaeeeas 5-9 5-13 
Main power’ Circul © Dr@aker << cxcccscwssiessso eae eses wows 5-11 5-14 
Memory eeoecccrecceerceccesecce Coeececeoeceeccsescsoeccececsecorecoocos 5-8 5-11 
Power resistors CHECHOHCHECOHCHEHSE CEE EOOHOEOSECHOS EHEC OOO ECHO SE SOOO OEE 5-2 5-1] 
Reactors, chokes, transformers ....cccccccccvccccccccccces 5=3 9-2 
Instruction, computer: | 
Next instruction address eee Te ee er ey 4~-62c 4-169 
Sample word Beg teen ee Oe eres eye ee ae rar ecoeecceeececee 4-62 4-176 
Word formation COCO C CC HCC OSC CCC OC EOC EC OOH E OOO EOE ecoeeoeeeeeveecee . 4-62 , 4-170 
Inverter: | | 
Network B board TErrrererrRrereere rere eee eee ee ee eoeeo5e 4-82 4-211 
Temperature warning (power control C board) ....ccccecccees 4-70 4-201 
Voltage warning (power control B board) ..........eeeeee yi 4-69 4-200 
I register: | | 
Loading Pe ee ee re ere re eeoeoeecee ececcceccce 4-54 4-129 
— Main memory register .....cccccscccccccccccccccccceccccees 4-61 4-168 
J 
JO10, OUEDUT CONNECLOM <sesciansotecsceese tes teswstiaisseds ; 4-59 4-160 
J016, output connector e@eeeeeeceeoeeseseeeeeeeeeeeeereeeeeeeoecoe 4.59 4-163 
K 
Keyboard: | | 
As input device eeoeeeeeeeeoeseeeoeeeeeeneeoeone ee ee 456d 4-138 
Coding CHESS HSOHSHEHEEHHECEHEHHHOHCHEECHEESHHO HOHE EHO H ESOC EE EOE ORES 4-56 4-134 
Lamp circuit Cece ercccccccccccccccccccccecccccces eeovcececne 456d 4-138 
Logic Coeeecececeoeeeeeseeeeoeeeeeeoe @eeoeeeeoeoeoesneeeee eoceeeeenevece 456d 4-138 
Kickout: | 
Circuit, master (power supply protection) ..... ea cueatieue 4-29 4-32 
Low voltage transient (power control B board) ........ee0. 4-69 4-200 
Kickout detector: 
-. High voltage (power control B ‘cuit Sarauaacasuiaca ous a Naan ears 4-69 4-200 
Low voltage (power control B board) ....cccesecccccccscces 4-69 4-200 
/KIOA/, mechanization eeovece0e eeeeeeeeoeoeoeseeneeeee eoeeveveen eocoe 4.49 4-102 
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ALPHABETICAL INDEX--Continued 


Subject. Paragraph = Page 
| L 
Lamp: | oe 7 
Circuit keyboard Ceoeeeeeeeoeeeeeeeeeseeeseeeeeeeeeeeeee e@oeece 4-56d — 4.2138 
Indicator (power supply) seca ee ee iustsoees 4-25 4-15 
Input/output eoeoevee0e COC OCHRE EOE EL OLE LELE COLO EEOC LEO ELOLO®S ; 4~53b 4-107 
Parity COSHH CO HC EH E ESET OH EEO HES EH ESE EEE SHE LEE E EE DEEL OOEECS 4-35f 4464 
Power ready CHCSCHSHSHSHESSHHSHOSHOHSSCHEHSHSHSHOHHEHSSCOREOOHSOEOROSO OOH OSES 4.35f 4.64 
Lamps, control panel neon (See also Control panel 
neon lamps. ) eoeeeveene i a 4.35f 4-64 
Line breakdown, input .........see. deen nceeeeues Bocccce 4-540 44123 
Lines, flip-flop address and response ......... ocetinccieee Gea? 4-72 
Loading: | _ 
Display register D loop eceoevneVuaueeveeeeee eeeoeoeneeneeeee 64-04-66 8 4.58 4.151 
a | register e@e28?@ 80 @#e-e90e38e?8s8e8 ee eee eee ee ee ee ee oe . 4.54 4-130. 
Loading memory: > : : es 
. From D loop eoeeeeeeoeoeensreceeeooeoceseeseeeeeeeeececeoeeeoeseseeees 4.54 4-130 
N register eeoeeeseveeeoeoeoeeeeeoeeeeeneeeeeeeeeeseeeeeeeeeeeeenves 4.54; ~ 8 4-127 © 
: ; | | 4-56 4-134. 
Use of SOR eeeee50e eevee eoeeeeoeeeeereseeseoeoeeeeoeoeeoeoeeeooeoe . 4~61b 4.166 


Load tests, output (in logic driver troubleshooting) ....... 4-49d 4-104 


Location address: 


Copying: 1Nt0: QO: 1 O00 ise eeie eis aie ba wwcicie use ewasienee pero Geeta 4-54 4-128 
Loading L register ...ccccccccccsccccccccces ce cerecccceees 4-54 4-125 — 
Logic: | = 4 : 
Date: siaive ces edes re ee re Se TT eee eT CTT rer Tr re 1-5 1-2 
Driver board. eo eee ere rere Tee eer err ee saab sewers 4-80; 4-205 
| “4 | 4-81¢ 4-207 
— Flip-flop board ......ceceee sSieieie/eloearele ee Gare puis Wiaewe pceavenis 4-79 —— 42205 
Flip-Flop test ...cccccccccccccvecs Veeetes esas sies eareuesaie 4-32e 4-40. 
Keyboard ...csccccccece Sib sw etree lox olla veloen'g lo velaxeveceiw Sven euevalonecaveiaxe ers 456d 4-138 
Mechanical reader See eT rere er ree re ree 4-56 4-134 
Terms, front panel to main frame wiring .....ccccssceccees 4-57 4-149 
Test (final inspection) ..... Saisie pease eee ns restate eigiarecatecs 6-4 —s—— 6-1 
Troubleshooting ....... Saniseeeewwss- ais cies pedeaeceawawees 4-30; 4-33 
| 4-40 4-77 
thru thru 
4-47 4-98 
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Subject Paragraph 
Logic Drivers: 
AGGVCSS40 16 scciuctaset eens ceweesaedeassweleseseuasoeueess 4-45 
DPIVEC’ GOSS: since susbeso tan eaet es Gawaeesawieetewee 4-32c; 
4-49¢ 
EN DUL. GaCS: COS C2 o.c:55 sic-a.c ts rst law rece. e rs ete ats wieieteve ee sce etaeeeeevare 4-49 b 
/KIOA/ « MECNANTZATION (OF césicsewesudiewwdseweews ean aeewees 4-49 d 
Logic driver troubleshooting ...cccccccccccccccccsessccecs 4-49 ; 
| 4-50 
Logic: 
Flip-flop: 
PVN sCOs'de CO. CNA C. 5:5 ane-ers'otaccrsack eecerens eete 6 @ ewes eee aa w eetacs 4-45 
THOUDIESNOOCING seus tin danideeeeeeesdunieeen ew a aeaaeei: 4-51 
Input, C7, utilizing Fl4 (See C7 logic input.) ........... 4-35¢ 
Malfunction isolation: 
Mechanization of OXP .........26. siesta ane taliaisa, oda wera ane elo leie ss cine 4-44; 
Printed circuit board CONNECTOL ..ccecccccvcccccccccceces 4-46 
Procedure for location ....cceeees ee re ee ee 4-43 
US@--OF CONEY! <DOxX: C=4020 nes doe 0's eis eheet tee sawnseeya 4-43¢ 
Mechanical reader .....cccccccees ere eT eee Or ee err ere 4-34 
Nixie indicator ....ceeeeee eve ree ee srpiaietere Geen etre 4-35d 
Read head ...cccccccceccccece ius derte Guatacauraia aes iachesen aes 4-35j 
Tests: | 
C3, test Cape & .ssssaswaes eer re ee ee ere seeaantats 4~35b 
OT ed eaeaaereneb ae eae ares jscgeeeias's dace ahaig areal ee Grates a auedoeea 4-35¢c 
ee eee ee ee ee ee ee ae 4-32e 


Flip-flop 


Logic test set, AN/GSM-70 (FALT) ..ccccccccccccccccccccccecs 


Loop: 
A @#eeoenu20e0008eeeeseseoeeeeeoenedneanoege~sneoeewewewcecmlcetcCCeclUcCtmCe8eCelaeclaceclcceclceclUlccCeoTeclceclctcClccoclcececlUlcrcOClcewcClccocClccoOUcraeCUlcOUUcreclcokOlUmrtlUe 


eeeomw~wpmeoeveeanaeoe7eeeeeeeoeee0e17eene7@eteeoececmceecmCcecCUCcOecmUCcCOCcCeClecewlcecUCcOCCcecCUCcecUlUcC8oleoeCcecceclUCcOlOCUccelclUlcCOC FOC OCUlchOCUch;TC OCC 88 ee 


MO 2ZzeiO 


@e@eeeoev0e02e2028200000808080888 8888 SGHCHS SCC HBeCeeeeeeneneoe eon e ee eee eee 0 @ 


Kbsgcas era aica fac eiacuste sb herase ane! Sao Aik ws aa C RA Ee ee ERE 


Loop length (R,. Q,; D, I, X) eeeeoeeeeeeeeeeeneeeeeeeeeeneesensne 


Loop, read head shield ground ss Uses teececareie ewe earens ee tae ate nions 


— 4-65b(5) 


4-65b(9) 
4-65b 
4-66 
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4-187 
4-187 
4-188 
4-187 
4-128 
4-128 
4-187 
4-188 


4-185 
4-188 
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ALPHABETICAL INDEX--Continued 


Subject 


L 


Low memory temperature SENSOr .rcceceveccccccccvccccsccccccs 
Low temperature operation ...ccccoeee 


@eeeeoeo0oed0e02020008080800080880 8 @ 


Low voltage: | | 
Kickout detector (power control B board) ...cccccccccccces 
Transient kickout (power control B: board) ...ccccccsscecs ; 
Warning detector (power control B board) 
L register aisgsdis fe tataver e/a doce aila Tate asseas ail eie lela lanes ie Bia Gia OE 


L register counter, loading w/location address ....cccccccees 


L register, main memory channel ...ccccccccccccccscsececvecs 


Maintenance personnel, responsibility: 


Direct support and general Support ...ccccccccccccccscccces | 


Organizational eeeoeeosvseeeoeaseoaoovoeneeevneoeoe eo eeaeaeneneeoe7eeeeemcecmlceclUCcetclUcCOUlcrhOmUchOmUcOUcOU 
Maintenance work orders PSG O SE 28 78S ee Oe eS Oe Se Re SO Oe 88 28 Oe ee 


Malfunction isolation (power supply): 

NOG TS sig cus ecein0 W504 w wos c0 see 6 eles arse we wieere Wea ewes wae ewe ewe eee 
PROCECUVE NOs. 2). <b<iw5- ids wie wee w eves s 06 ois 8008 64S Se oes e wees 
PYOCEGUVE NOs 2: é-d-via-eie-osex6b-005'4:0.4 Fe eRe eeeeuenecennes sees 


Malfunction, logic: 
MECH an Zat 100 OF OKP 65sec osbee es wind-0. evens bee-eeeeerewsee es 
Procedure for location and COrrectiOn ...ccccccccccccccccecs 
US@-OT <CONELO!. DOX: -C=4020- cia osc dione been se eweiewe aware 


Marginal test switch TOTErerreeeeePEeere nee eee ee ee 
Master kickout circuit TUPLE CECT CET CE CRORE RRERER ECO UE 


Master trip circuit (voltage regulator no. 4 subassembly 
~ board) 


Matrix decoder eeeoeneaeneoendeoe2e2000080880600808820000080000080080800808008088 8888 0 


Matrix unit: 
As input device e@eeeoeedeenuna oceans eednoeoedeoea2e2 02eeneeeaeseoee7eeoeeeletclcsetcClCcCcecClcewcUlcrOwCcOUcreOUUceOcUcaeUlce8lU8 
Troubleshooting 


@eeeenv007e202020808000008080080000000000808080008808800008 086 @ 
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4-14 
4-15 


4-69 


4-69 
4-69 


4-54 


4-533, 
4-54 


‘4-57; 


4-61 


- 4e3 


4-2 
3-5 


4-30 
4-26 
4-28 


4-44 


hag 


4-43¢ 
4-27 
4-29 


4-77 
4-8le 


4~56 


4-57d 
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Subject Paragraph Page — 


; Matrix SM key bards eeassrssdea ares GsG Sata a meme cee 4-35e 4-60 


Mechanical reader: 


As input device @seeeoevpoev 0002020208620 808028eeeo2 GCeoeeoeaeveenuegeaoen@a@eeenue eee e 8 
Connector pin terms eo ee oeeeooeesoeoeoseeeee Meseoscoosecrsooecs 


Energizing input unit @eeeeevenveaoeeoeeneoeneoegeeoeeaseoneeanene eee e eee ee ee @ 


Logic CHESS HOHSSEHHSEHOSEHOHSHSOSHOSHOHSECOEHOHOHHSOHOHEEHOE HOS HOOOCECELELE 


Logic circuitry for @@ee2e088O8Seeeeeeeeeeeoeeeeoeneeeeeoeeeeeede 
Solenoid switch driver (power control C board) .......eee0. 


Test Be Oe OG a te Oe ee ee ee eee ee Pe eee ee ee Ee ae aoe oe Ce em, ee ae re 


Mechanization: | 
C7 logic input @9@~02020200000060000000600000808000800688080808008080808868080088 
Driver circuit “and" gate /KD1/ wccccccccccccccecccccccecs 


Fe lines @eeoeevoe2eenen0eeo0002000000808608800820080080008008808808080808880808 8886 6 8 


- IKIOA/ PELEEEEEEEEEEEPEREEERELERE ETE ree i 


Nixie indicator logic eral ovebre 6b.5 6.51 OS OE OME OR RSE Reena es 


OXP @eeeeenennve0e2e0020080000008008008008006800880000086808008808088808 80888 8 8 
Primary "and" gate (BDX) COCHOSCSOCHSSHSOSCHOSHOHOHCHOOOHCHOHROSCEOOEOEEEE 
Read head @SCCSHSHHHHSHSESESHHHSHEHHSHHHHSHHHOHOSHEHSHHEHSHHBHHEHHHHSEF 


Read switch @ee202e2080000000000808000000006000000000800000806086886088088 08 


1CL3 flip-flop CHCSHOHSEES OOOOH HH EOE EHO HOHEOE EEE EHH HEEL ELOO® 


Memory , computer: 


Channel, main, registers eeoeno@2e8e20200008000080000000080800086806880 8 @ 
Contents and layout CHEESES HCHOOHOHHOHOEHOHSOHOECOHOHEOEHOEOO HEL ELES 
Loading. from: D: OOD: <iss0se%s cris cuieee eee ess 8 oeeee see aues 
Memory channel reading ProCeSS .cccccccsccccccccccccccccccs 
Memory channel writing ProcesSS .cccsccccccccvccccscvcccecs 


4-56 


4-56 
4-56 
456 
4-34 
4-70 
4-34 


4-35¢ 
4-32. 
4-35¢c 
4-49 
4~35d 


4-44 — 


4-32 
4-64 


4-64 — 


4-33 


4-61 
4-61b 
4-54 
4-61 
4-61 


4-135 
4-134 
4-134 


- 4=134 


4-46 
4-201 
4-46 


4-56 


4-33 
4-56 
4-102 


4-59 


4-81 
4-33 


— 4-179 


4-179 
4-43 


4-165 
4-166 
4-130 
4-165 


4-165 


Memory, computer 


Memory disk quadrants ..... so5a Wiee-6 eee ewen aw ee Satie eee eens 
Memory temperature SeENSOr, ]1OW .cceccccvcccccseseccccscces 
Motor relay driver (power control B board) .....cccccccees 
Read head ...... Cee Cee EE TERE TOPE eee Te eee 
Read head and read SWItCh ..rcccccccvvccvcccvvcvcccceseces , 
Reading data from MEMOLy ...ccccccccccccevcccccccccccsece ; 
Removal and installation ..cccccccccsccccccscccvevces ea cane 
SOR: 1M: OGG: <5:5-crayievewcatwieveeiae ain weasels 0.0.6 sige 6s asiaele ered aces 
VOSUS weeds dcoegewueeaeeieeies UCC C eee ee Te sb ic wi etessceterac 
Write amplifier. ONG OWOS: seria oes 65 6 o6s6-evew ere 678s ecw wreee ees 
Write head ...... Lies seeees 


Mode: 


Writing data into Se dined ced toa igh leds oats ot @#e@eees8 ®@ e 
BCD, sector track inoue Spewieteeesrousewebeweewwees ee , 


Input/output .....ccee- 
Octal, sector track input reer eee uneiaie wien ous pbaistasewereerews 


4-58b 
4-14 
4.69 
4-61 


4-64 


4-64 
5-8 
4-61b 
435k 
4-66 
4-61 
4-63 


4-54 


4-54a 
454 


4-152 
4-6 
4-200 
4-165 
4-179 
4-179 
5-11 
4-166 
4-70 


4-193 


4-165 
4-177 


4-122 
4-112 
4-122 


Index 17 


TM 9-1220-221-34/1 


ALPHABETICAL INDEX--Continued 


Subject | | - Paragraph Page. 
M 
Mode control: 
DF IPSt 100s. COS © :Gc.cah tise e ard a aiene te atasdbw Steen areas esas oe cree 4-35 4-53 
IN/ OUC SOC UD -s-ce-cteeuratewo.temeewe kee aesia 4eaewedalebas 4-53 4-107 
Motor, memory motor relay driver (power control B board) ... 4.69 4-200 
Mnemonic code ........ ee eels a essenaneied tard. debra eowre space 4-62 4-171 
Multivibrator circuits, bistable .....cscccecececeseseneeees 4-79  4=205 
N 
Neon lamps, control panel (See also Control panel neon 
lamps.) ...e0. Pe eee eee per gia apeavaeee ate ears hi erg ae inane 4-35f 4-64 
Network A board ...... (areas paaiee oe peeewte ty Giateig os acieens wacee-ae 4-81 4-205 
Network B board ......0.. acwaen Socuese anueteeana cena 4-82 4-211 
Network C board eeceseeevoeeneneoeeseeeeeoeaeeeeaeeeeveeeeeneeeen a 4.83 4-212 
Next IMStruction address ...ssecceseccccccccccecees eelene ners 4-62c 4-169 
Nixie: | 
DAULONY 2s ss. ac ase eee aciews ae bate ew au DK Wie bce eee Gennes 4-58 © 4-152 
Oriver’ INL erconnect 1 ON) s.06<6 cess ieeeed eines ents ee wes 4-58 4-152 
Neon supply (voltage regulator no. 3 subassembly board) .. 4.76 4-202 
10-cycle oscillator ..... ee ee ee ee ae on 4-83 4-212 
Nixie display: | | 
OUT OU EV Vd: 5 opie tsidcie Sine 4ndtacd oe :usianw-ecanecerarece aaa erste tata ete ees ere 4-57 4-145 
Relationship to D 100P ..cceeccecccseccccvess Sas eee ea 068s 4-58 4-152 
Nixie indicator: | 
WOOT C. o:6 wane waw a Ssiee eres oe Tee PC Te ee ree 4~35d 4-59 
TOS CS: s2s.0.dke weaves $asap ce fa Sr mica sofa '0:ie Ye gible, wives Bahco WN eae wwe eke aes 4~35d 4-59 
NO SOLUTION indicator, test ...ccccccccccsscscccccceeeeeeece 4-35f(2) 4-65 
N register, main memory channel: ....ccccccccecccccvccccvece 4-61 4-168 
LOGGING: .a5 Gis 55 We ew66 45d outs bGwee eee eteeae sence tae. 4-54; 4-127 
4-56 © 4-134 
Monitoring with oscilloscope ....... errr ee teens 4-57 4-145 
0 
Octal mode, sector track input ...ccccsccscccvccccvccccnsece 4-54 4-122 
OCtal: WOrd fOMld €..«csu% oes eoec Get cnsei esas vet eeuer awe 4-62b 4-168 


Index 18 


Subject. 


Ohmmeter (memory read/write troubleshooting) siecle 


Operand: | 
Address eoecgee @#eeoeee# @@eeoeooe2eoeonea@seoeeeee 8 @ -@e@0eo20@e0e2eeee 886608 66 @ ®@ 
Word format oe @eeeeaeoeseeaeeaeeeeoeeeeeoeeeees @ eo@e@e@e2e8e8 80 @ @eeoeeee7es @ @#eeoe0aeeoeee@ 


Operation codes: 
Computer INSCYUCTION co cccceccccccecccccccccccececccccvene 
Flag w.cccee Peatawboss 


Mnemonic stipes eeuenGen eukewoeesals tte ae eaenans 
Operation, input testing chart .....ccsccccceccccoene cecceee 
Operation, low temperature ....... TCE eee Cee ee Mewes 


“top test failures Sl ks logic, troubleshooting) . 


Oscillator: | 

WOl@ty0G" CI): sc-sucdecc oie ctwG at se cco beekes eee esees 
‘lW-cycle (network C board) ..ccccccsccccvccvescevcsvececs ; 

Oscilloscope: 3 
Monitoring A, L, N registers ...ccccccccccccccccccsccccccs 
Template and patterns aeiaeeiere es wai Wie! 60 are e rb) evel 6:0l Swim ei ere.acie's 

Output: 
Characters, sector track input .......sseecesceeee ieee ewets 
Command SUMMATY ...... és wteeewe Per er er ee Te eee 
COUNT: CODES: hice enc ttacwrweeuwas sib iergiie lauie ie-Aiereie iw beiarerene sal wieterecs 
Drivers (network A ere uta aieneealaG a Sis ever aieioarecaia weno oie 
FUCUTO GOV1GCES. <b.6s tiene cudeias renege enseenwesineeseewees 
In troubleshooting .....secceceecees Scale laleveisss ere e eo ee sews 
Load tests in logic driver hook hob h gaara asta ate wens 
Mode control for set UP ..ccccscccceee eieseuind aie boas SStomaieere 
Mode operation ..... eC ET Toe eT TEC ee eee ee 


Teletype oscillator ......... 
To teletypewriter ......se0- 


@eeeaeenovoevonoeneoeoeoeoene0e2 ee eee 08 eee e880 @ 


@e®@eeee@e@oeoeaeaoeevseoeeees eevee eeene eee ee @ @ 


Nid- QIX1e GISDIAY- ccsccicecuuies deneeeevine eeuaseinewsecieas 
Output connector: ‘ 

010 @eeee @e@eeeoeoeeoedee @ @eeee38 @ @#eeoeoe2080880800 0 eeeeoeeone2eeee2808800808080 

JO16 @ee28e28e8 @ Rep pen eee e@e@ @e0@ @eeeeoeeceved2 0202028202088 08808808086 8 8 @®e@eeees 
OQutput/input lamp circuit ....... eaeeee sence eee ees eee eeeee 


Output signal, read switch amplification ......cccccccsecees 


OXP: 
In logic malfunction isolation .......0.. eerer ere rrr 
Mechanization ........ ‘eGuweees rere ree errr rr eer 


Paragraph 


4-66 


—-4662c 
4.62d © 


4-62 
4-62 


— 4-62 


4-57 
4-15 
4-51 
4-35; 


4-83 
4-83 


4-57 


4-57 


4.54 
4-62 
4-57 
4-81a 
4.59 


4-52 


4-49 d 
4-53 
4-54 
4-35 
4-77 
4-57 


4-59 
4.59 
4-5 3b 
4-64¢ 


4-44 


4-44 
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Page 


4-188 


4-169 
4-176 


4-168 
4-171 


4-171 
4-146 


4.7 
4-105 
4.53 


4-212 
4-212 


4-145 
4-145 


4-112 


4-173 
4-145 
4-205 
4-160 
4-106 | 
4-104 
4-107 
4-112 
4-53 
4-203 
4-145 


4-160 
4-163 


4-107 


4-180 | 


4-81 


4-81. 
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Subject 
p 
Parity: | | 
Generation and detection ....ccccccccccccccccsccccscsccece 
INGICAtOM: sccucsduse-seuewes ee ee er sistaSee crease gamers 
Indicator test @e@eeaeeongd020208088080828868808808080 8 eee ae ee ee ee @#eeeo3e38 8 @ @#ee9ee 
Lamp circuitry rere es eo ee a ee ee a @eeoeegdea2eeeee a i ee Oe 
Parts, MAINTENANCE ...cceccrccsesesececvers se eececcece ce eeee 
Performance test eeeeaeeae eae eoeeeseaedea oe eoeeaeenen eeaeaoeae3@eaeeeweeeeeclelCcelUCcetcmlUCcCOCCOCCcewmlUcOWmUcheOlUClUe 


Phase detector rectifiers (power control C board) se ceeseees 
Phase detectors (nO. 1 and 2) ..cccccccccccccccvcccecccveccs 
Phasing, primary supply ..... seus Shouts er ee ree 
Pin (flip-flop logic) to gate chart coc cccccccns @#e@e2ese @ee370eee?8 @ 
Plugs: | 
Memory read @#e@@@e0e8@@ @ @#@e0e02eo7e@e00ed2@e2800086808 68808 @ @ ee @@e0e8e e e3°@ e 
Memory write (troubleshooting) ....... sad aia sie Gaetan wits ace ete 


Power circuit breaker, main ....... 


eeeoonoeneoeeoeeseoaenaee ee eee 0 8 6 @ @ 


Power control: 
PUNCEIONCO! sch0bs0insseeescexes Crd pewse' Paso. 


High voltage kickout (HVK' ) ioe CRE een Omni ee cay eee 
Low voltage kickout (LVK') ... ccc cc ccc ccc ccc cc ccc ccc ccecs 7 


Low voltage transient kickout (LVTK') ....... Segta aia ese sitar 
Operation of power control circuitry ......ccccccccceccces 
Power control circuitry schematic ......ceee. seine cena es : 
Power control power supply operation .....ccccccees ie Bieta aigeie 
Primary line supply frequency ....cccccccecevcees rere er 
Primary line voltage Supply ...ccccccceces rer ee errr re és 


Power control board circuitry: 3 
A board e@eeeaeneoeneaenenee 00 0 @eeeeoen0ee8e eee 8 0G Ge © @ wee ee ee ee, 2 Oe ene 


Power supply: 
Levels affected by marginal test switch .......ccccccceee ‘ 
PrOLECEION CINCUIUS: wis Gane cseeidteeetdadaweeaesserneee re 
REGQUI@ CO: ok% 55:0 5.6.6 detvaw dine s.eeeeeeieee.si eases ie OG eearcatedes 
Voltage routing 2... cccccccccccccccccce pean aie geese eealsaies 
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Page | 


4-183 
4-183 
4-64 
4-64 


Aah: 


3-3: 


4-201 


4-13 


4-8 
4-98 


4-179 
4-188 


5-14 


4-5 


4-5 
4-5 
4-5 


4-8 
4-8 


4-5 
4-6 
4.5 


4-102 
4-200 
4-201 


4-8 


4-29 
4-32 
4-31 
4-29 


wee 
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— Subject — Paragraph Page 

Power supply subassembly (computer board circuitry) ......e. 4-71 «4-201 

Power supply wiring: | | | | 
Capacitors eeoeeceeveeeeese CCHOSGHC CHOC OOS EHO HO OOO COO OO OHO EOE EE OES 5 a5 5-9 
Reactors, chokes PVEPEEELIEETEULELESELEEET EEE @eeeoee se e 5~4 5aG 
Trans formers eeceoeoeesVeeeee eeoeenece0e a ee ee ee rr i eeoeeveeee =) 5=4 5-4 


POWER READY indicator .......eeeeee Manmasccswauswnmases sees... aid 
| 4-35F(2) 4-65 


Power rectifiers, primary (power control C board) ....... re 4-70 4-201 


Power resistors: 


OCA C VOM: s6 os gek Bre 6 Ga R Hie Swe lek Riwlne bw rks ie em 5-2 5-] 
Removal and installation ....ccccccccccccccccccccvcccscccse 5-2 5-1 
Wiring a ee CHESS HEC HOE HC EHO HOH ECHOES EOHO CEO EOC O HEHE OEE EOCOES 5-2 5-1 


Primary “and” gates: 
Addressable CHEST CECEOHS ECHOES HEHOHOHOHHOHSHHOHOHHHOHO EES HOS OH OEE OOH OEE 432d 4-38 
TrOUBDTESHOOCING ..ccccsccccccccccscccccccscccscscssceces rr 4-50 4-104 


Primary gates, addressable ..sc.ssccssccessccscccsscecsssees 4250 4-104 
Primary power rectifiers (power control C board) ....cseeeee | 4-70 4-201 
Primary supply phaSing ...cccccccccccccccccccccccccccesscecs 4-18 4-8 
Printed circuit board CONMNECTOL .ccccccccecccccccccccccccces 4-46a. 4-97 
Problem, COST wcccccccccecccccccccccccccccccsccscceccccececs 3-8b 3-3 
Program tape; “Sample: ic 6.c0.s5 woo Sw ewesweoseieeeeesdce we ceeews st 4-54 4-123 
Program Peet -aaaoaceanaeetinineeenwaneeeaneenentteseiceice Soba ~*~ So 
PROG TEST button ....sscceccccccccccsccescesccesccesscecseces  4-35e(3) 4-63 
Protection circuits, power SUPPTY ccccccccccccccccccccccccce 4-29 4-32 
Pulse Circuits, C1OCK ..ccecccccccsccccccsccccccccsscccsccces 4478 4-203 
Pulse generator, clock Iasuemeaceeaen oneucasnoasesrsaduce: 4-78 — 4-203 


PUISE SEVEUCNer CITCUTES <3..6 650d 656 shsG ii sakeedeseeeneeous 4-83 4-212 
Q 


Q loop, copying of location address into pusisesmacsacianues 4-54 4-127 
Q register, main memory channel LacReSS SoG esiwiewsseceewwees 4-§] 4-165 
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Subject | 


Q 
Quadrant counter ceo e cee ccccccccecccccceesccescceseeeseesees 
Quadrants, memory disk solnednoeuiieeienacaioseewuseecstes: 
_ ; | 
Reaction, computer: 
Versus affected CIPCUIt wecccccccccccccccncccsncscescosces 


Versus environmental CONdITION ....ccccccccccccccccccccecs 


Reactors: 
Remova! and installation Sw bw hike RS WA ROW O010:6 04S RE RRR 


Wiring CROSS SHSHSHSHSHHSHSHSSHSHSHSHSHSSHOHSSEHSSHEOSHEHROSHESOHSSSEHEEOTCHEHEOO EES 


Read amplifier @#e2e2e000806080800000800000000808088080020800080080000880880 08888 


Read circuitry: 


Reading data from MEMORY, acc deccaeocsussecwsccdseeeeeuie 


- SDR in troubleshooting @eeeaeee2e@eeodeo2e2@e2020020080800060060000000086808808088 8 @ 
Troubleshooting procedure .ccccccccccccccccccccccsvccccece 


— Reader, mechanical: | 
As input device ....... 


Connector pin terms ION OREN MEE O DAC meh enirs 
ENEPGIZING INPUT UNIT cececccccevcescwceecsveeccs errr eae 
Logic eeeena@eaeaeae2eeeaeeaeaeeneone7e ee enee ee ee 6 @ @#ee2eo e200e2ee200280800068—0@hm6—c8OCO O88 48 8 @ 
LO91C -CIFCUTULY TOP cs.ccnwodiwseee wna caseewes ses = Gieveieneisavs 
Solenoid switch driver (power central C board) ersiaueeesaess 
Test OE Ee ne ay @#eeoe8e@ @eeeoe0e39#ee @eeeoeeeeest 8 @ @ee¢e0ee? 
Read ail address and location ...cccccccccccccccccees | 
Read head: _ | 
CIPCUTELY .ccccccceccccceccs Terre ee ee pase e eens 
| Logic iby igiSras@iasteuelavareie sve. etiareseavers @#eenca020202028028000 80 @eeeeoeoo@a1ea2e020e20e802028028608 
Mechanization .......e6. CeCe TT ee ee ere ee seceis 
Selection re re ee ee eee eeesec5n eevececeeececoeoeeeeee a i 
Shield ground loop ....ccccsccccececs i eacaweeea ewes eee 
Reading: 
POM: MOMOVY: o.s sud. 0 cchsiswseew seer en sw ise de oNe ee eeu cae eos 
— Read command eecoeeeeeneeeeeeeeeeeeee @®eaeooeosoea0d2e0e0000080 @eeoeoee8@ . 
REGIS Cer OSA1NG  sicceecnaewacdlwasake wR eeandoamawiawsends 
Read selection, FALT exciter terms ........ soeeeneaas eines 
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4-58 


4-58b 


4-20 


4-20 


5-3 
5-4 


4-64; 


4-87 


4-64 
4-66 
4-66 


4-56. 
4-56 
4-56 
4-56 
4-34 
4-70 


 4e34 


4-45 


4-61 
4-35j 
4-64 


4-64b. 


4-66 


4-61; 
4-64 
4-62 
4-65 


4-38 
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Subject Paragraph Page 
Read switch: 
Amplification of ihe done SION hace weos oes eae atewoke bas 4-64c 4-180 
BOAVG: d:¢ cai ode cadens tans cae seherses a ee eee lela aac ecg Gora 4-86 4-213 
Mechanization ......... ee ere re re rrr ere eee 4-64 4-179 
TROUDTESNOOCING. sak <suwsawdiaeeecean Wubacue G@indl sss Oaaelss 4-64 4-179 
Read switch tests: 
Channel "O00" read switch circuitry ...... ee Sas 4-35] 4-68 
Redd. Wad 10016 .4-1.4c.04.oniee wise e ewaeau oaesewasae eee taewweeees 4-35] 4-68 
RECALL: KEY ax ‘by ween oes shoes a doS aww ew beeen eso ee eee weee at 4-35e 4-60 
Receipt of materiel, inspection ......... eer ce re re aes 3-9 343 
Rectifiers: 
Phase detector (power control C board) ......... iowa cries 4-70 4-201 
Primary power (power control C board) .......ccccccccccecs 4-70 4-201 
Rectifier transistor assembly board ..ccrccccccvcvce takes 4-73 4-202 
Recirculation process register flip-fFIOPS ...cccccccccsccens 4-65 4-186 
Records: 
GOnGrd | -..26o wie eeeaus sanees.es egieanecs wees kaseewes anaierwcspe 1-3 1-2 
INS DE CEION svc edeweiew Siwashnwns shee ceases sae eats eee : 3-4 3-1 
Registers: | | | 
AR POG 1S Clr 5b tees nine de tes weewansese neces po bcea sla alend wieraiteus | 4-56; 4-134 
| | 4-61; 4-179 
| | | 4-65c 4-185 
D: FOG1S COM esse da nee se Sovecratsaviat Si canene. ei gaereresayens re ee re a 4-61 4-179 
Flips lO: TUINCEION vated schon sacar edtsnstesteuenwsaicuse, °° S200 4-184 
TOG 1S CON <xcsig wise bere bw Mew we oe ee wie eS oe err Grails Ale, Saale 4-54; 4-130 
4-61 4-179 
"WEG IS TOU’ ¢ sas stenwe ee cic sikh etdiulereras-aeuewes SAD aMae a aeee eae - 4-53; 4-107 
: | | - 4-54; 4-125 
4-56; 4-134 
3 , 4-61 4-179 
N POGTSECY wicsieunscheaaw sea jae tide ears Serer re rr ee — 4-61 4-179 
O SVEQ1S COP ise Soi eereantees Siduaeusd lecevarovese sete Arevaiede 4 tecaleaseuea a -anere | 4-61 4-179 
Reading and writing ......ccccscceces errr eee itaws 4-65c¢ 4-185 
Recirculation process: staan ba. Gievsaly aban Sue Gre ae ake a ee award | 4-65 4-186 
RVOGIS COM se eassies-siae suse see ees siaseierwraraverene pnleraaveievere Su eaecd ace » 4-61 4-179 
Ke O01 SUOl 5c oeiieis hese tnd baad aces eiers sine Seas eon ew ease 4-61 4-179 
Regulator: 
+1.25v shunt (voltage regulator subassembly no. 3 
DOG) css iatcvegceuraycresieinaloy ase as ceva adie ee age oe eadeen te eae eae traces ~- 4-76 4-202 
-18v pulse width modulated (no. 3 board) .....scccccceces ‘4-76 4-202 
+35v series (voltage regulator subassembly no. 4 | 
DOG) crore tdci ta aera one as ac aria we eeciarane anes ayers eter 4-77 4-203 
-6v pulse width modulated (no. 4 DOaTG) -dkiccaececaasdass 4-77 4-203 
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Subject 


R 
Regulated power supply diagrams ...... peeaeeees ( Siaravetiasearenac 


Regulator subassembly, voltage: 


0. @eeeeoee@e@08eo8e8ee8 8688 @ @ @ @eoeoeoeeoeeeee e ee ee ee eee ee e@eeo et eee 
No. 2 @eeo0oee @eeeeoee@e0e20800 


No. 3 i A a a A a Na a I i 


No. 4 b cay etaneta gore aaa ae are wr ecerales 


@eeoeoeeeeoeeoeeeoeeaeeeeeeeeeeeeeeneeeeee 


@eeeeoeovueoeoeeoeen7e0 ee eeee eee eee 8 0 6 @ 


Relay driver: 
Main power (power control B board) ....... bbidvewieiae nites saves 
Memory motor (power control B board) ......cccceves aeeeass 


Removal: 
Blower @eeeaeenoea2eg0vea208eo0en00e00200000000000808060080800000060000000008680808606808080 
- Capacitor and bracket ....cceseccens Tree ree ee ee Te 
Main control panel assembly .....ceeeee error ee ee 


Main power circuit breaker .....ccecceees se'e-6G-are. ele oie ares sale , 


Memory eeeoeneeeeveeoonene7ee e880 @ @eeeeee2ee8 6 @®eeepea0eseeneee02080 8 e088 @ 
POWEr TESTSTOVS ..ccccecccrcccsccrccvcevcsccsecccces sees 
Reactors, chokes, transformers ........ sais ou wwe eee see aes 


Replacement and resistance checking (read and write 
THOUDIESNOOCING)> dc05tid Sewinteenn eens suse oda eeeweuswneas 


Reports: 
General @eeeeostseoedeoe0e20ed0000008000000800088008080080808C0008202800080808 8888 @ 


Inspection @eeeeeevaeaeveoeaeoesveoeeeanoeoeen eo eoeaeenea ene eeneaeeeeweoeee ee ee ee @ 


Reproducer, signal data (SDR) saseadaesesenueesneeuoewer 
Resistors, power: 
Location CHESS SHESHEHSHHSHSHSHHSHSSHSSEHRESHSHEHSEEHSHESHOSCHOHEEOSO LESSEE 


Removal and installation @eeaeeeonveo7eeoneseoeoeneoneoeneneenenedeeoeeenen ee eee @ 


Wiring @e2eee00200008600000008000080080800868 8888088808888 88 C8288 EO 


Response lines, FIT and FOT flip-flop ...cccccccccvccvcccens 


R loop: 
Addressing and loop length Trorr rT ee Ter Te Te ee ee ee ee ee 
D-loop copying OOO 8 S88 8 See SOE Se S08 8 2 OO Se OS SO OOOO 28 Ae ee. 88 


R register COSHH ECOSOC SSHEESESEHOE EEE OOS EEE ESCO SEO CELO® 
S 
Secondary diode gates Aue Reise ie aa Reka cine Blu ake 


Sector channel, reading from memory @eenoee7e08e0e0e0020860880860008 806 @ 
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Paragraph 


4-185 
4-129 


4-179 


4-98 
4-179 


Subject 


Sector track: 
Input character Comparison ..40sseseseses eevee seeewec ews die 
Synchronization with bit counter ....cccccccccccccccccccce 
Sensing, temperature @eeeseeeovecoeoeeeaeo eoeeeeneenenedeeeoe eee eeee eee eee @ 
Sensor, low memory temperature ...cccccccccccccccccsccccccces 


Sequential timing (TD) Cee ere rereesrccccececcesccecccescens 
Sequencing, bit, sample of @SCSCHSHSHSSSEHHHSHSCHHSHSHCHSEHHEHOHSACHHHHES 
Set all command, DU/DL drivers during scauaurate tt iceoesuenes 


Set up: 


In/out mode control scyuieisatdenesteewioneetabeueceneneees. 


Switch TUONCIT 1CAE1 ON se sicad ces cewicniwtiececaqe se aaewes 


Set up button, control panel, test (See also Control panel 
set up buttons.) 


Set up, in/out, mode control Eee ee ee a ne ea en ar ene Seem 
S flip-flop, address of sued asighictar oserig dase: Giids dcu ale etal tab aaa A 
Shield: ground loop (read head) ..crccccccccccscccceccces seas 


Shorting cable term and pin listing (See also Computer 
_ shorting cable.) SCSSHSHSHSHHSHOSHHHEHHHHHSHEHEHTHHSTHHH HHH HEHEHE HEHOS 


Signal data reproducer (SDR): 
Description @e@eeoeeee0o0edeaeuene0oee ee 0002008 eoeeeed oe eoeeaeeweeoeeoeeccmermUcetmCCceclUCOOWCeOcmUCCCceUcmUCOmUCOCUCOlUMlUO 
Loading memory eee2eoeeg020202002000080808008808@eG0e028088008080808088808 0888888888 8 


SDR to M18 computer INPUT 2. .cccccccccccccccccece dae eevaarels 
Use in troubleshooting read and write circuitry .......0. 


Simulation of input terms *I8, test tape D Ee ee ere 
SM key (sample matrix) oie ee Gis baraare eto hwwwde Sele Sioa samnaies 
Split synchronous clock cece ee eeececesescecececcsceceseneces 
Strobe, clock eee ec ee cee cc ecccceessccceeesscccecesseceesces 


SU-lines COPHOCHE OHHH SEES HSEOH OSE EHHSEHEEO SESE EEO SOLE 


Supply phasing, primary ee ee 
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4-12 
4-14 
4-55 


4-55a 


4-205. 


4-212 


4-53 


4-8 
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Subject 


Switch: 
Driver, keyboard and macnanical reader solenoid 
(power control C board) 


Read eeeoeosee ovo eosvseeoesnoeveoeene02eeee02ee0e08 020078 eee eeeeeeeeeee eee eee @ 


Read, channel 000 circuitry @eeeedv ood eoeaeneoed0e00202080808008 808020888 @ 


REA SWILCN BOAO” <-sc05.c6 Sse 'ereurd 6 bsw are ore 3s ewe wee ereelas 
REG. GOSS .iisc tenauea owes eemeuw ewes nee chs ewe ececenes 
Selector VEFSUS--PSING: Aiea 65-060 cee sw eeeeesces seuss 
SO CUDe 15 ar'5 die 5 cie feeb ere 6s5 toate a sla ero s.0 we 6a grew wl ware eee wiene-elae eee 
Write -SWi tcl) DOdMI. «415062546 esteeww ac eww son bes euw sewn eee 
OWE TEES COSTING 4:66:66 se wredie-c den eaaeeccicwieee bOtau we ewe estee< 


Switches, write, addressable .....ccccccccccccccccccccccccccs 


Sync bit counter, in/out set up mode CONtrOl ..ccecsevevseee 
‘Synchronization, bit counter OS 6 6:6 6ie-6 0 oe 6 6.66 088 60.0 6.8 6 666 6 68 
T 


. Tables, flip-flop address ©.0 2 6:89 OS SOSH SE OOO WHS OOT SO CCS SO 8 


Tape code, sector track input eeeeeveeeeeeeeeoeeeeseeveseeeeen 
Tape, program, sample eeoeoeevece eeeveeeveveee Ae ceupnauleencaaees 


Tape, test (FALT): 
B program @#eee@ee0e0e08868608 8 @e0eeee?@ CHOCO HSHC CES HOHSHECOSCHSOHOOSEHSOOOEEE 


C PPOGKAM w~cccccccceccs eeeeoee @#ee2oeoo0e0202020208808908680 0 @#e2e@2e002008080808089808 @ 


@eee2eeena020e2e02082028088800808088088 88 @ #e@eeoeeet @e808 @ @ee2eeo0080080800806800 


D program 
TD circuit (power control C board) ....cccccccccees rer 


TD/WI flip-flop (power control C board) ....cscccccccccecees 


Teletype: | | | 
Meaning, sector track, Input ...ccccccccccccccees rrerrr ee 
(TT) OSCTTTATOr cc ccccccccccccccccvcccvccccccscccscccccces 
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Marginal test (power SUPPLY) ...cccccccccccccccccccccccces 


Paragraph 


4-70 


4-27 


4-64 


4-35j 


4-86 
4-35j 
4-56 
4-24 
4-84 
4-35j 


4-45 


4-53 
4-55 


4] 
thru 
4-18 


4-54 
4-54 


l-lb; 


4-32 


1-1b; 


4.33 


l-1b; 


4-34 


4-16; 


4-70 


4-17; 
4-70 


4-54 


4~35;5 


4-83 


Page 


4-7 
4-201 


4-7 
4-201 


4-122 
4-75 
4-212 


Subject 


Teletypewriter: 
Connection to FADAC @e@e2eeeone7eeneasdseoedeeoeaeeeneene eee eeee ee ee eee 0 @ 
Output oscillator COCO CCC CC CEO EEE OOOO EOE HED E LED EOO CELE OS 


Output to CHOOSES CESEHOHOHOHSOOCOOOH OOOO OOEE EEE EEO OOS 


Temperature: | 
Low temperature operation CORCCCOO ECE ECOL ELLE EE EEL ELEC LOOEC®S 


Sensing (Ra ReReReReRERERERERERERRERERERERERRERRSRERERRRARERRERERRERRERERRERR EEE) 


Sensor, low memory @@ee2@0200000000008000000060000000008088 080080008 @ 
Warning inverter. (power control C board) ....cccccccccccces 


TEMP INdiCATOr cececscccccccccccccccccccccccccevcccvcscccecs 
Template, oscilloscope OPSETESETTSTTTTeeereeeryrresyrriery 
Tertiary AIOde GateS ...cscccccccccccscvesccscccccccscsccces 
“Test: 


Control panel set up buttons eeeaenenneoeeen eee 0880800808608 86 @ 


C3 logic, F-lines CROCCO HHO HOOCEHOEE EO OEO EELS OOOO: 


C7 logic COCO OHEO SOOO E EHEC OCEE EEE EE EEOC EE OEE EEE ESECOO®S 


Flip-flop logic CROSSES HESESOSCHOS OE OSEHOSE EOC EOC OOOOH EEO EOE 


Main memo ry write flip-flop COCO HOHE HO EEO OOOO LEO OSEO OOO OE 


Mechanical reader @eeeeeeeseoeoevoeseeeoenoeneneeeneaeneseeneeaeneeeeeee ee 6 
Memory @eeeeene?eoeoeoeneeneneoeoeoeeneeneeeeoeneeeee 8 eee eneeeeeeee7ee eee eo 8 
"Or" test failures @eeceeensne02e200200808080800000808608000880808880880888 0 8 


Read switch Oe 


Write switch eeeeeneveoeoeenonoenoeeeeneeeenueneeeeeeeeeoeneeeeeeee ee eee @ 


Test, control panel neon lamps: 


COMPUTE indicator OO OSSD LLOEGR SOOO E YEO ODS S.S OO C:O B'S O'S 6:00:49 | 


es ERROR indicator COSCO OOCHOSEC HOSES HOOSOSCECECEEHEHOC8CHHEHHC8CO8C OHSS 
IN-QUT indicator eeeoeoeevoeaena eoegaeaeaeosdveaoedoeoegeeneoeaoeanenueeaeoeoeeeeeerleelelcel8ele 6 le 
NO-SOLUTION: tnd Caton: s:..0046s0ncesseuesieteesanacecsewciae 
Power Teddy Indicator ccs ciss00-swscec.ewdinnssein o¥eeeeees oe 


TEST ERROR indicator, FALT front oil @020e200000060006008080866808 @ | 


Testing: 
Input operation eoeeeeeaeneoeaeneoneneeneaeeaoeneeeoeneneeoeeaeweeeeelelellcelUlceclcee8e ee 8 


Keyboard &:2'O'O: 2 9 2:6: 9.9 2 2, 09:06 O:9 O'S OO OSES OS O'S: 8:0 22-8 9S 2:2 S'S 2 OO O98 0:8 


Test, logic driver @ee2eeeeede0ee80e002020208000880808080808008808808088088 888 8 
Input gate @e@e2e0208000000000008000000060000008000000000808608868880 88 


Output load @eeeeeesvueoeoeeoeneneneneneneeneeneeeeeeeeeeeeeeeeeeeeeeee ed 


Test, logic CEinal 1NSDOCTION) 656.0c0s0:00 ses ceses scenees cea 


Test, nixie indicator See ee geo alee hd ee eee Oe OP eke ee onan 


"And" test failures SecbGuineos vueeseeee Shae hes ole eeewee ee 
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4~57 
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4-51 

— 4235e 
4-35 
4-35d 
4-32 
4-351 
4-34 
4-35k — 
4-51 
4-35j 
4=35h 


4~35f(2) 
4~35f (2) 
4-35 (2) 
4~35f (2) 
4-35 (1) 


4.39 
4.57 
4-35g 
4.49¢ 
4-49b 
449d 
6-4 
4-35d 


Page 


— 4653 
— 4-53 


4-203 


4-7 
4-6 


oe 
4-201 


4-14 
4-145 
4-98 
4-105 


4-60 
4-53 


4-59 


4-33 
4-68 
4-46 
4-66 
4-105 
4-68 


4-66 


4-65 
4-65 
4-65 
4-65 


4-64 


4-75 


4145 
4-65 


4-104 


4-102 
4-104 


6-1 
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ALPHABETICAL INDEX--Continued 


Subject 
| T 


Test, performance of FADAC su sre Caras Wale hale One we oe eee ees 
Test problem eeeoee ees eeaenenenonoeeoeoe2eeeeeoeeeeoeeeeoeeeeeeeee eee ee 0 
Test, program De Pot ae ee Be ne Ora ee ee ee yee, Oe, ee ae ae eee eo e eee 


Test set, computer logic unit AN/GSM-70 (FALT) eceeceeeeeeeeee 
Test switch, marginal CHOSHSHHSHSHEHHSHHHHHHHOSHOSCHOEHOHHOHHHHHOEOE® 


Test tape B program e02e00002000000000080000800000800000800000000086680 
Test tape C program hese sieunocaciosaasie seasleemeeneaeaeeecews 


Test tape D program. printout Trerrerere TT Cee eee eee ee 
Description werrrerrrerererrrrrererererererrerrrrrrrre ry se) 


Simulation of input terms *18 ..ccccccccccccccccccccscccccs 
Specific tests Terrrrererrrrererrerrrerrererrrrerrererrrrrrre ry 


Test tape E program printout 5 gupieverere-araler era eiveua leon aeee.oee aes 
C3 logic tests Pe ee ee eee eee Oe OS Cee ee Se ee ee Oe ee Se oe 828 


Description @eee2eoeneeneneeneoenoeneeeoeeee7eeeeea7e7ee ee eeeeeeeeee eee ee @ 


Test tapes (FALT): 


Function i Suse eisace aa 6 bie e.ww.6 Garo 5816 0b Wie Rao 6 OW wie wees ewieereees 


Malfunction isolation, USING ..ccccccccccccccccccccccccece | 


Thermistors, location of CHOEHSCHCHEHSCHSCHEHHEHEHESEHEHOHHEHHEHECOHEEE 
Timing, sequential -(TD) s sraipardiats ein Sidlale etenaeeseeeeee sete 


Tools: 


Common POPPTTTTTTTTSETETTeTTTTererrrrrrrrererrere errr ere 


Special CROSSES HOSHESHSHOSHHSHSHSHOHSHOHEHOEHHOHOHHOHSHESESOOEHOOHOHOOOESE 


Transformers: 


Power supply wiring of eeeoeveaeneenee202020080000800008008880808088 888 86 
Removal and instal lation (RRR ERRERRERRERERRERRERRERRRRARERRERRARRRRRS 


Voltages CHOCHCCHOHCHHSSHEHHHHSHHHHHHHEHEHHHEHHHEHHEHHHHHEHHHHHTHHHHHHHOEO 


Transient, low voltage kickout (power control C board) ...... 
TRANSIENT indicator COCSSHHHSHHEHHHHHSHSSHHSHHEHEHHEESTHHEHHHHHHHHHOE 
Transistor assembly board S1bbb eee Cee wal eee se See esse ewe oe e es 


Transistor assembly board, rectifier ...ccccccccccccccccccces 


Index 28 


Paragraph 
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3-8b 
3-8a 


2-2 
4-27 


l-1b; 
4-32 


1-1b; 
4-33 


l-lb 
4-34a 
4-34 
4=34b 


1-1b 


| 4-35b 


4~35a 


4-32 
thru 
4-35 — 
4.30 


Page 


5-4 
5-4 
4-15 
4-201 
4-14 
4-202 


4-202 
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Subject Paragraph 


Trip circuit, master (voltage regulator subassembly 


no. 4 board) @eeees env eaoeeonoeoeoeoeeeoeaen eae eneanen one enee een eeeeneee eee ee ee @ 


4-77 


Troubleshooting: ~ 


Amplifiers and plugs, memory write ..cccccccccccccccccccece 
DS and GS maintenance personnel responsibility .....ccccoce 
OUTING INDUC. .c45605 5-06 wees 645000 60 ces swiss se 6a eae sumenaes 
Pill cand Verity: Drocedure si0i.00dc40s000K sen seuweseeeweees 
Flashing Fo and Fy IND1CG COMS- 54.46%0%0ebsdossaness ceedesewn 


Flip-flop logic, “and"/"or" test failures ....cccccccccccce 
— From FALT front panel indication ...cccccccccccccccccccccce 


FIT and FOT line 561i Nee oes 4-00 Wie S OS EWE CONOR 645A SSSR RRC 


Inputs to computer @eeeoeve7enn7ea2ene0oedeee10 eee eeeeeeeeeeeeee eee e eee @ 


Logic SHSSSHSHHSHEHHSEHSEHSHSHSHESHESHHHSEOHEHHEHHOSCEHEEEHEHHEEEOEE 


Logic driver, input gate test ..cccccccccccccccccsccccccces 
MA EV IX: UNC ~<5.0's:0-0.4-4:6 6 so aide owacie eee -606 ee sie see aeeeeeeeeees 
Memory read switches and plugs COCCHHCHEESOTHHCECHHOSOHEOHZOEHEEEOEE 
Organizational maintenance personnel responsibility ....... 
Outputs from computer Ree eee eee eee eee eee eee eee eee ee ee 
Primary "and" gate eee2e7e7eeoeeee0e8eeeeeeeeee8ee7eee0ee08 008088808 
Read and write circuitry WOW 0.S W000 660.0 66600 6 066 60 640666 6006 
Replacement and resistance checking ...ccccccccccccccccccece 
Technique ee202700e0e0800008888088088080089e00e8889e070e80e0888e88 0880 


Use of ohmmeter @e2eea2e00200000000800800808088008000808808800288088C8C88 C6 @ 


Use of SDR Deen ea CO IE Th Tae Ge ot ee gc ME oa MOT Get ae! Stee pete UP INS Ogee Ge a 
JV 


Veitch diagram: 
Input device selection OT OR Ree OO See SSO Oe 2 a SRS 2 Oe See eae Se 
‘Mode: Control’ (in/0ut: Set Up) se.cisievesesescsbeeeeeeeeseces 


Voltages, transformer ©OSSCHHHHSHHHSHSHHSSHHHSHHSHHHHHH HEHEHE 


Voltage regulator subassembly: 
Regulator no. 
Regulator no. 
Regulator no. 
Regulator no. 


1 board e@eeer7eeneneoedeeeee2e8 8080808028808 0608808028 8 
2 board @ee2ee2e0e000200820002002000000080880808088080888 808 
3 board @eeeeeveeooenoeoneooeveeneneaeeeeneeevedeeeeee 08 


4 board eeeeeoeeeoeaeeoeeaeeeeeeneneeoeeeeeeee eee 
(power supply) @eee2eeo00e0202020200008000000000808 086808 


W 


Voltage routing 


Warning: 

High voltage warning detector (power control B board) .... 
Low voltage warning detector (power control B board) ..... 
Temperature warning inverter (power control C board) ..... 


Voltage warning inverter (power control B board) ....cceee. 


4~66 
4-2 

4-57 
4-66 
4.40 
thru 
4-42 
4-51 
4-39 
4-48 
4.52 


4-30 


4-49b 
4-57d 
4-64 
4-2 
4-52 
4-50 
4-66 
4-66 
4-5 
4-66 
4-66 


4-56 
4-53 


4-26 


4-74 


4-75 


4-76 
4-77 


4-27 


4-69 
4-69 
4-70 


4-69 — 
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ALPHABETICAL INDEX--Continued 


Subject 

| W 
Wave shapes (TC, TCK-, and I1C to I8C) ...cccccccccccccccces 
Wire color versus function chart ...ccccccccccccccccccccccce 


Wiring: 

Chassis, ACCESS: Gi ca.uuere waitin catia ears pave sana en saueteeeals 
CONOV CODES. anc.avissnicseaaiee seb aeWSes~ seamen eseeaweeeweeees 
Front panel to main frame .cccccccccccccccccecccccsevccces 
Main power circuit breaker ..ccccccccccccccccccscccccccces 
POWGI” (POSTS COM 2:0-5.6:iw wssce oie coi -0 50 0-5 wis ire wre Sie we Sw 68 eees 


Power supply: 

’ SCQDACT OVS: 65 06:064030:600'e os0 oes U6 tow en saeews wetewes eens 
Reactors, chokes @#e€ee@2e2020000006000000000600000060000000086808088686 86 0 
TVONS FOVMENS’ :6:6.655.6 cs 05-0 'Geie we eine 064s S66 eG5s sens enesaces 


Symbols eeeeevseoevoeaoeasvseaenoeaesesenvneoeeeneaneeeneaneoeaoeenereaeedeoeeeeee ee ee 0 


Word: |. | . | 

Computer faseriction ais s0 Wiel oa 0166 wena: oie wcere Wee's Wi tere ele are see 
Formats @eeeo@aeenenegeneaeneasneaoecdc@a~denonue ee eee eeoeeeoeeeeeececlceaellccelcatclUlcctclcctelceoee eee 88 e 
Operand e@eoe@aeevnve0n002020020000802800008080000000806006000800000008008088 808 0 


Sample eeeaeeevnvevne0eneeeeoee0e000000880000080800028088808880888 888888 @ 


Write circuitry: 
Amplifiers and plugs (troubleshooting) ...cccccccccvcceces 
For W/60 
SDR use IN EVOUDTESNOOTING .seecceaesc sc 0sccseereeeee ewes 
Troubleshooting procedures ..ccccccccccccccccscscccccccces 
Write amplifier board ..ccccccccccccccccccvcnccsecccsccces 
WT CG “SWI UCN. DOAI. 255 65-5555 os 0 i0e6 ess enensew4 ves seaeeeess 


@eeeeeneseeeneoneneoneoeveeeoeoeenenenaen eee eeneeeneee7eeeeeee eee ee 0 


‘Write flip-flops: . 
Address and location ©Ceoeeoeeaeoeaeeeeaenenenoeseeeeeeoeeeneee eee e000 8 0 
Main memory , tests: CROCE OEE EEE EEOC E HOO EEE OSCE EHEC OOO OLO® 


Write head POPE SESS errr ere ees e eee ee erie errr errr e er reee 


: Write switches, addressable PTREERELECELERESEREEEEE EEE ee 


Write switch testing CHEOHSSSHOHSSSESHSSHHSOHSEOHHOHSSEOHCHOSEOSOCEOSSHEEEEE 


Writing: 
Circuitry for W/60 eeaeeeedvuoeaoedsoegd2eoeeoeaoeonoeoeoeeoeeoene7eeeeeeecmcececCleeeeee8e 8 8 
Command @eeee@eoeoe eeaeeneagendgeog20e0020202020802000800000008080000808 88028888 @ 


Into memory @e2e@200280008080808880G888C8C8H8G8 OCC 8E8BO8C4C8C8C8COC8CHCHE888EO8E8SE 8 OO 


Operation @eeeeevneeesenovneneoeene000200000000080008000000008080800888 080888 


Register writing @eeeeeoeveeneevoeaoeaoenensenueee200e00000000000800888088 0 8 
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X 
X lcop, addressing and loop length SCOCCHSHCSCH SECC CCH SESEO SOLE 4-65b 4-185 


. X register, main memory channel eeeesvsegea0ede0ed e0202020000800808088 80880 @ 4-6] 4-168 . 
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By Order of the Secretary of the Army: 


E.C. MEYER _ 
General, United States Army 


Official: | Chief of Staff 


J. C. PENNINGTON 
Major General, United States Army 
The Adjutant General 


Distributions 


To be distributed in accordance with DA Form 12-41, Direct and General 
Support maintenance requirements for Computer, Gun Direction. | 


-- U.S. GOVERNMENT PRINTING OFFICE: 1981—703-029/1177 


Gamegiiiip moses quae etEeeseo> Geeta Gira Gee GD ORES eee Gene OEE —- Cd 


RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS 


SOMETHING WRONG wr ras rusticarion 


FROM:. (PRINT YOUR UNIT’S COMPLETE AOORESS) 


THEN. . JOT DOWN THE 
DOPE ABOUT IT ON THIS 

FORM, CAREFULLY TEAR IT 
OUT. FOLD IT AND DROP IT 
IN THE MAIL! 


Your mailing address 


OATE SENT 
Date you filled out this form 


PUBLICATION NUMBER PUBLICATION OATE PUBLICATION TITLE M18 Gun Direction 
TM 9-1220-221-34/1 25 May 81 Computer (FADAC) = 
IN THIS SPACE TELL WHAT IS WRONG 


PAGE Figume | Taste | ANDO WHAT SHOULD BE DONE ABOUT IT: 
NO. NO NO 


42186] 4-65d : Add this note after subparagraph (1). 


NOTE 


Specific logic can be followed 
by referring to the appropriate 
logic list in TM 9-1220-221-34/1/1. 


GAMIPLE 


PRINTED NAME. GRAOE OR TITLE. ANO TELEPHONE NUMGER 


JOHN DOE SP/4 XXX=XXXX 


A jee i. Ce 


D A FORM 2023-2 PREVIOUS EDITIONS P.$.~-i1F YOUR OUTFIT WANTS TO KNOW ABOUT YOUR 
1 | 


JUL 79 » ARE OBSOLETE. ECOMMENOATION MAKE A CARBON COPY OF THIS 
ANO GIVE IT TO YCUR HEAQQUARTERS. 


REVERSE OF DA FORM 2028-2 


FILL Iw YOUR 
UNIT'S ADORESS 


\ / : | FOLO BACK 


- DEPARTMENT OF THE ARMY 


POSTAGE AND FEES PAIO 
DEPARTMENT OF THE ARMY 
DOD 314 


; OFFICIAL BUSINESS 
PENALTY FOR PRIVATE USE $300 


| | | Commander 
| | | US Army Armament Materiel Readiness Command 
ATIN: DRSAR=MAS | 
Rock Island, IL 61299 


TT get aa vuosuad SNOT Uv—2 


RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS | 


SOMETWING 


FROM: (PRINT YOUR UNIT'S COMPLETE AOORESS) 


WIRGINIG WITH THIS IRLCAGH: 


THEN. JOT DOWN THE 
DOPE ABOUT IT ON THIS 

FORM, CAREFULLY TEAR IT 
OUT. FOLD IT AND DROP IT 


IN THE MAIL’ 

PUBLICATION NUMBER | | PUBLICATION OATE PUBLICATION TITLE 418 Gun Directi ae 
T™ 9-1220-221-34/1 | 25 May 81 Computer (FADAC) 

| BE EXACT PIN-POINT WHERE IT'S 1 iy THIg SPACE TELL WHAT IS WRONG 


ANO WHAT SHOULD BE DONE ABOUT IT: 


PRINTED NAME. GRACE OR TITLE. ANO TELEPHONE NUMGER SIGN HERE: 


D FORM 2023-2 ~ PREVIOUS EDITIONS PS.—iF YOUR OUTFIT WANTS TO KNOW ABOUT YOUR 
A siue7 PRES OSCUSTE. RECOMMENDATION MAKE A CARBON COPY OF THIS 
| | ANO GIVE IT TO YOUR HEAQQUARTERS. 


REVERSE OF DA FORM 2029-2 


FILL IN YOUR 
UNIT'S ADORESS 


FOLO BACK 
DEPARTMENT OF THE ARMY 
POSTAGE AND FEES PAIO 
DEPARTMENT OF THE ARMY 
DOD 314 
OFFICIAL BUSINESS 
PENALTY FOR PRIVATE USE $300 
Commander 


US Army Armament Materiel Readiness Command 
ATINs DRSAR-MAS 
Rock Island, IL 61299 


